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PREFACE. 


Xv  preparing  this  work  the  object  of  th«  xuthor  hiu  been  to  pro- 
vide a  stodcnts'  text-book  which  should  cover  the  mORt  ioiporlant 
topics  incliMletl  in  the  wide  doiniiin  of  HyKienc  and  be  useful  in  the 
laboratory  and  as  a  reference  book  for  praotitionere  and  health  officers. 

Tlie  subject  is  mt  broad  that  it  is  impowible  to  tn»t  it  in  ita  entirety 
iu  II  tItorou);h  manner  in  u  single  volume;  therefore,  certain  topicn 
which  find  a  ptaoc  in  *ome  of  Ihc  lurger  works  mid  which  are  of 
interest  chiefly  to  a  somewhat  limited  circle  of  specialists,  have  not 
been  considered. 

Of  latt-,  it  has  become  the  custom  to  incorporate  in  works  on  hy- 
gieae  a  chapter  on  olcmentur^'  bacteriology.  It  tias  Bcemeil  to  the  au- 
,tbor  tluit,  inasmuch  ta  a  knowledge  of  thi»  c1o8cly  allied  .-wience  is 
reepgoiaed  as  a  very  ettsential  part  of  the  equipment  of  the  modem 
Dddieal  practitioner  and  in  taught,  lu  tt»  im]>ortniice  deiier\'es,  either 
as  a  &ep«rate  subject  or  in  connection  with  pathology,  it  would  be  nti 
much  n  work  of  supererogution  to  give  a  brief  description  of  species 
mod  Icohnic  herciu  ii-'*  to  includi^-  a  cliaptitr  on  elementary  ehcmistry, 
phyaios,  or  other  sffiliatcd  great  subject.  It  is  assumed  that  tlie  reader 
has  already  anjuired  at  lenAt  a  fair  workiuf;  knowledge  of  bacteriology, 
or  that,  lacking  it,  he  will  turn  ratlier  to  special  works  iu  which  the 
sdenev  cun  be  fully  treated. 

Again,  certain  topics,  which  are  not  inrre<]iiently  included  in  works 
of  this  nature,  but  which  lie  more  properly  within  the  Belds  of  engi- 
ueering  and  architecture,  such,  for  example,  as  the  construction  of 
aqucdiicis  and  sewers,  the  nature  and  strength  of  building  malerials, 
and  the  arrangement  of  hospitaU,  have  been  deemed  as  hardly  within 
the  province  of  the  hygicni»t  and,  conBequcutly,  have  been  excluded. 

To  llintitt  whii,  by  their  writings  and  otherwise,  have  been  of  assist- 

•Doe  iD  the  preparation  of  this  book,  the  iiutlior  extends  his  sincere 

itbank.4:  and  especially  to  hiH  fricn<l  and  colleague  Professor  Harold 

C.  Ernst  for  taking  the  photomicrographs  from  which  the  plates  illiu- 

trative  of  the  starches  and  Irichiuu;  have  been  prepared. 

a  H. 

CM  BoxiMiox  SnuKT,  Bostok. 
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CHAPTER   I. 
FOODS. 

Section  1.     GENKtAL   OONSIDERATIONS. 

Poops  iiuiy  U-  NiitI  III  iiKjltxlv  <'V(Tjtlniig  l»ki-n  into  llit  s\'fllein 
capable  of  being  tiUlixeil  directly  or  irxlirectly  to  build  up  normal 
stntcttine,  ivpnir  wiuitt',  or  prr>diice  energy  in  iiny  form,  but  in  the 
OOmison  acccptution  nf  the  term  they  include  only  tlioae  subHtancfiS 
which  can  be  oxidiTcd  in  the  ftvstem,  thus  excluding  wntt-r  imd  uir 
without  which  the  functiouD  of  the  IxhIv  eun  not  be  performed.  Diet 
is  a  mixture  of  food  materials  of  \'arious  kinds  habitually  taken  in  ittich 
quantity  wisnt'cded  to  nminlain  or  improve  the  condition  of  thcfiyBteni. 

The  Nutritdve  Value  of  Foods. 

Tlie  potential  energy  of  food  is  measured  liy  the  amount  nf  bent 
witich  vail  be  obtained  by  il»  eoniplete  combuslion,  and  ts  cxprciised  in 
noits  of  heat  or  calorics.  The  amount  of  energy  required  to  raise  the 
temperature  of  one  kilogram  nf  water  1  °  V,  i»  known  (w  a  large  caloric  j 
that  n-(|uire<l  to  nii»e  the  temperature  of  one  gram  to  the  same  extent 
i«  known  as  a  small  rjilorie  ;  thus  one  large  calorie  (-■|<ial>'  nnc  thousand 
small  caloniv.  When  the  term  is  usod  u-ithout  (|iialification,  large 
calories  are  understood.  These  heat  uniU  corres|x>nd  to  426.5  oaita 
of  work  ;  Unit  is  t»i  Hny,  the  winie  amount  of  energy  requiretl  to  raise 
the  (em[>cralure  of  the  given  weight  of  water  1 "  C,  is  snflieieut  to  raise 
i'iitj>  times  the  weight  one  met«r.  The  amount  of  work  done  ia  ex- 
pressed in  kilogram-meters. 

TTie  heat  unit  of  tlie  Englixb  system  iit  iJic  amount  of  energy  required 
to  rniw  the  temi>er»tnre  of  ii  pound  of  water  1 "  F.,  and  its  mechanical 
equivalent  is  772  units  of  work;  that  in  to  sjw,  the  muiu-  amoimt  of 
tiuT^y  will  raise  772  poimdi^  one  foot,  Aceonling  to  the  English 
method  work  done  is  expressed  in  foot  tons  rather  than  in  font  |iounds. 

The  calorinietric  viitue»  of  dilVerent  food  miiteritds  express  also  their 
physiological  valu4^«  as  nutriment,  liubner'  determined  the  calori- 
OMtric  value  of  the  pmximnti!  principle:^  as  Ibllows  : 

Oqo  (nun  nf  pnitvlds  =4.1  nil<irieiL 

Oii«grauif)t  rarbulirdntca  — 4.1        " 
One  gmm  of  (nt  ^6.3        " 

*  I^lirhueh  iler  Hy^k'nc^,  Lcipxio,  IWO,  p.  AM. 


In  ihc  system  the  carbohydrate  and  fate  nrr  completely  bnmed  to 
carbfjuic  ticiil  tirnl  wator,  but  tbc  pmtciJs  leave  a  residue  of  ntvu  oipuble 
of  Mill  further  oxidntJon.  It  is  entimaled  thai  the  physiological  value 
of  th«  protfids  avt-ragos  only  about  75  per  cent,  of  their  caloriim'tric 
value. 

Thi-  oalorimetric  value  of  ditferont  foods  of  the  several  clan4<.'^  is 
not  to  be  uoderstood  as  bi'ing  fxactly  the  same.  Thus,  two  kinds  of 
■sugar  or  two  kinds  of  fat,  or  two  kinds  of  protcid  have  not  exactly  the 
same  calorimetric  vahiw,  and  the  figures  above  given  are  to  be  und«r- 
Stood  iinly  iw  fair  averages,  Uubuer'  has  d(.'tcnuin<.-d  by  actual  ex- 
perimentation Ihf  r('Iiitivr  eiilnrinK-trio  valueii  of  certain  forid  materials, 
and  ha,*  shown  that  100  grams  of  fat  are  equivalent  to  225  syntonin,  or 
232  starch,  or  2.'M  cane  sugar,  or  2-13  muscle  fiber,  or  2o(>  grape  stig«r. 
In  other  words,  these  several  amounts  of  food  material  are  isodynamic. 
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Amount  of  Food  Necessary. 

For  tlie  mainlenitniK-  of  a  pr')pcr  iJi'gree  of  health  and  strength  th« 
individual  must  ingest  an  amount  of  f(K>d  snflicient  to  nivet  tJie  tltu]y 
loss  of  nitrogen  and  earlton.  This  must  ne«-j««irily  vary  according  tocir- 
oumstaoces,  and  hence  no  rule  rain  be  hud  down  to  fit  all  case.'*.  The  best 
that  «in  Iw  done  la  to  make  eertain  gt'neral  nihit  Ijuwd  on  the  amount 
of  work  performed,  for  the  gn-nter  tin-  amount  of  work  done,  the  grwitcr 
the  amount  of  food  required  to  meet  the  neee!*«ary  oon sumption  of  fuel 
and  to  repair  tlio  tissues.  When  undergoing  heavy  labor,  the  natiinilly 
inereaxcd  d*;itire  for  food  is  shown  particularly  in  the  direction  of  fats, 
and  secondarily  of  pn)tcids. 

It  has  been  estimal^ti  by  Voil  alVr  much  experimentation  and  from 
voluminous  data,  that  a  man  weighing  70  to  7.'i  kiloe  (154  to  169 
pounds)  and  working  at  modonitcly  hard  labor  H  to  10  hours  a  day 
roquin-s  I  Ifi  grams  of  proteids,  -if;  of  fat,  and  rtOO  of  carbohydrates 
This  is  equivalent  to.'l.Oo  l,(i  i-aloric,  and  is  gcneniUy  rejj.irded  as  che 
most  acH'umt*-  estimate  obtainable.  From  V<)it's  and  other  figures  a 
number  of  writ*T»  have  endeavored  to  construct  standard  dietaries  for 
the  various  conditions  of  bare  sulisistence,  rest,  and  the  performance  of 
different  amounts  of  daily  labor,  the  suhsiiteiice  diet  Ijcing  reckoned  as 
sufficient  only  for  the  Internal  work  of  tlic  Ixidy  in  the  absolutely  jHifsive 
condition,  and  that  lor  rest  as  meeting  the  ref|uircmcufsof  very  gentle 
exercise. 

The  constitnent.'"  of  the  standard  diets  are  prescribed  in  the  follow- 
ing proportions  :  for  each  part  of  prot^-ids,  two-thirds  of  a  part  of  fiit, 
three  and  one-sixth  parts  of  carbohydrates,  and  one-foiirth  of  a  part  of 
mineral  matter.  The  proportion  of  1  part  of  nitrogen  to  I  n  of  carbon 
should  be  maintained  as  nearly  ns  possible.  In  all  dietaries  it  is 
neceasary  to  have  the  diftV-ront  eonstitnents  pro[)or]y  proportionctl,  and 
in  addition  to  vary  from  day  to  day  the  articles  belonging  fo  the  same 
dsSMS,  since  otherwise  ihey  will  become  distasteful.     The  question  of 

*I.«hrbuc]i  dor  Ilvgicnc,  Ldpuc,  1900,  p.  438. 
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so  FOODS. 

water  and  nit  solutions,  soluble  in  dilute  alcobt^,  some  in  titrong  aloobc 
Chieflj  of  vegetable  origin.     \erj  rich  in  carixia. 

4.  Albuminatce.     Products  of  tbc  action  of  alkalies  on  albnoiii 
lightly  soluble  in  water,  ettfuly  soluble  in  alkalies. 

5.  Acid  albumins.  Products  of  tlic  action  of  acids  on  albumins.' 
8(^able  in  very  dilute  acids  and  alkaliei^     Syuionin,  eic, 

6.  Oosgulatcd  albuniins.     Prot^id  ^ubctanecs  coagulated  by  tbe  ao- 
tton  of  heat  or  enzymes.     Fibrin,  para-csfiein,  etc, 

Grocp  n.  Compound  prot«'id«  comjios*-!!  of  molecule*  whicb  consist 
of  an  albumin  group  (a,)  fAas  another  groQp,  usually  of  a  iwn-pr 
teid  nature. 

1.  Glyco-proteids.     a,  plus  a  carbohydrate  group.     Mucin,  etc 

2.  Hnmogtobins.     a,  plus  a  coloring-mailer  group. 

3.  \uck-o-albumins.     u,  plus  n  nucleiu  group. 

4.  Caseins,     They  conlain  no  true   nucleiu   group,     With  renne 
th«y  give  u  characteristic  coiigiilittiou  Mw-tion.     Tlicy  arc  not  cosgu- 
lated  by  beat  like  albumin  nor  by  enzyme  action  like  fibrin.     Milk 
Ciuein,  legiimin,  etc. 

5.  Xucldns.     a,  plus  a  nucleiu  acid  group. 

6.  .\myUiidj^ 
Groi^  III.     Albuminoids. 

a.  Franie-wnrk  stubslanceji. 

I.  Keratins.  Constituents  of  horn,  .\ttacked  with  difficulty  by  pep-^ 
sin  and  irvpi>in.     They  contain  much  sulphur  aitd  yield  much  tyroeis. 

*2.  Klii<tin».  CoDsUtuents  of  elastic  ti.'csue.  Tltcy  contain  le»9  8ul< 
phur  and  yield  less  tyrosin. 

3.  Collagen^.  Constituciitsof  connective  tissue,  bone,  and  carlilngu 
Tbey  contain  very  little  sulphur,  and  yieh]  no  aromatic  amido-acidsJ 
Gdatin,  uingla^s,  chondrin,  <xiIlngon,etc.  4 

ft.  AlbumosM  aiul  Peptones.  Products  of  hydrolytic  (Splitting  oi 
various  proteid  subslauct-s.     Their  molecules  are  much  smaller  tlian 

oae  of  tlH'  albumins. 

c.  Enitymcs.  Bodies  which  when  present  in  very  small  amounts  have 
ihc  prrti>eHy  of  hn'aking  up  verj-  large  nmounis  of  certain  other  sub- 
stances, iucluding  proteids,  fats,  starcbc-s,  elc. 

The  alUumins  arc-  not  pniMpitale^l  by  alkaline  carf>onate&,  commoa 
salt,  or  dilute  acids,  but  they  are  coagulated  by  being  bcnicd  to  6^ 
7.3°  C.  Casein,  Icgumin,  conghitin,  iiyniotiin,  and  albuminates,  on  tbe 
contninr,  arc  not  cragulnbic  by  licat,  but  are  precipitaleil  by  i-ommoo 
salt,  sodium  acetate,  and  tri-BxIiuni  j>lios|»hate.  The  albumoses  are 
wid<*Iy  dist ribut*-*!  llmiughout  the  vepetabic  kingdom,  and  are  found 
Urgely  in  tbe  cereals.  In  the  animal  kingdom,  tliey  are  intermedlata 
products  of  tbe  action  of  ]>e)iain  on  ordimiry  protcid.s  t>eooming  evt^i- 
tmlty  converted  to  peptones.  The  eoUaffene  are  very  rich  in  nitn>gen> 
but  Itave  an  inferior  nutritive  value.  Gelatin,  for  instance,  coutaina 
IT— 18  per  cent,,  while  the  albumins  contain  but  16. 

Yate. — ^Tbe  fats  are  compounds  of  the  triatomic  alcohol,  glycerin. 
with  fatly  Acid»,  mainly  Mearic,  palmitic,  and  oleic.     These  »cvend 


L 


courosiTioy  of  foods. 


31 


CMspnitnds  nrR  knowa  »b  stearin,  imtmitin,  and  oldn.  The  two  Brat 
raeDtiooed  are  solids  nt  usual  temperatures,  while  olein  in  a  lii]uid. 
Moet  fats  arc  corobinatiDiifl  of  two  or  till  of  tlieM  subetunce;,  and  somo, 
as  for  ex&mple,  butter,  c<.>iiiiun  mlditiotial  gljroeridea  in  ivrimll  nniount. 
Stckrin  and  palmitin  bciug  s'llids,  and  olein  1i<iiiid,  the  cotiKistoncy  of 
a  ist  is  depeDdent  upon  (he  pro[K>rltonfi  in  which  these  liubstance-s  are 
pmrat.  SteanD  is  a  component  of  nioct  anininl  fatu,  but  ih  never 
found  in  vegetable  ftts.  The  ehiirf  oaniilitiient  of  iinimal  fats  is  pal- 
loitiii,  and  ihiit  occurs  also  in  nearly  all  vegetable  fata.  Oloin  exiMs 
in  both.  Butyriii,  cnprin,  cnproin,  and  cnprylin  arc  glycondes  of 
volatile  fatty  adds  present  in  the  fat  of  milk. 

Pats  oonrist  of  carixin,  hydrogen,  and  oxygen,  and  contain  no  nitro- 
gen. The  hydn^n  an<l  oxypt-n  arc  not  prosiMit  in  tli«  ]>rii]H)rt.ions  in 
which  ihcy  exi.it  in  wau-r  and  iu  mrbo hydrates,  the  oxygen  beiug  de- 

&civoi. 

Ai)  taken  in  food  they  are  chiefly  in  the  form  of  neutral  substances,  but 
more  or  less  free  (atty  acid  is  always  prvM-nt,  and  in  »ome  foods  which 
have  been  kept  for  a  time,  particularly  in  well-ripened  cbwwe,  Gitty 
acids  may  be  ppwcnt  in  a  frvr.  sliiU'  in  quite  largfi  proportion. 

The  fats  play  an  important  part  in  the  maintenance  of  animal  heat 
aod  mechanical  cnergj-.  When  hard  lulxir  is  being  performed,  au  cxoosa 
of  fct  is  instinctively  taken. 

Carbohydrates. — Ttic  cnrliohydrates  include  the  starches,  sugars, 
and  cellultisc. 

The  Staichea  though  prewnting  very  different  appearances  under  the 
microMope  according  to  source,  arc  of  cquiil  value  m  food.'*,  and  have 
tlir  same  oomiM^ition.  Starch  m  insoluble  in  water,  but  healed  with 
it  to  ~'2°  C  the  ci'lls  swell  and  tmrrt,  and  pr<i<]uoc  a  sort  of  mucilage. 
Heated  with  dilute  mineral  acids  it  is  converted  into  dextrose.  8ub- 
j«;t«'d  to  the  action  of  dto^ttiuH'  it  I-h  converti'd  into  mnltoKp, 

Starch  is  found  almost  exclusively  in  vegetable  cells.  It  forms  the 
chief  part  of  the  sccdif  of  the  cereals  and  of  the  dried  n-sidue  of  other 
vegelsbtc  products,  suob  as  potatoes.  A  form  of  starch  knnwn  us  ani- 
mal starch  or  glycogen  la  found  in  the  liver  and  mu.tclea,  and  also  in 
■ome  of  llic  molluscu.  IVxtnn  is  nn  artificial  prtidiict  formed  from 
starch  by  the  action  of  ferments  or  of  dilute  acids  and  heat, 

Tlie  Sttfan  arc  of  vegi-tablc  and  antntul  origin  and  include  the 
following : 

1 .  Sucrose,  cnue  8Ugar.  A  disaccliarid.  From  sugar  cane,  sorg- 
hum, !^gar  maple,  su^  beet,  and  some  other  vegetable  sources.  In- 
•olublp  in  strong  alcohol,  does  not  reduce  copper,  not  directly  fcr- 
mentable.  Boiled  with  diltitc  acids  is  converted  to  invert  sugar,  a 
mixture  of  doxlrotw  and  lievulose. 

2.  IV'Xtnw,  gliipose,  gnipc  sugar,  A  mono.sai'vliarid.  Found  in 
many  fruits  and  Bowers.  Formed  from  ciuic  sugar,  maltose,  starch 
and  dextrin  by  boiling  with  dilntc  acids.  In  the  pi-cjti'nn-  of  dccom- 
podng  prnlf-ids  splits  into  two  moleciili>!*  of  lactic  acid.  Fermented 
with  yessi  splits  into  ak-ohol  and  carbonic  aoi<l. 
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3.  Maltose,  malt  sugar.  A  dUaccharid.  (Two  molecules  of  tlei- 
troHv.)     Formed  from  starch  l>y  the  action  ofdiai^tAftc. 

4.  Ltevulose,  frutt  sugar.  A  moDo^ccharid.  Fouud  in  honey  and 
varioii:*  fniitA.  Rotates  the  ray  of  )H)lan)»-d  light  to  the  left.  Does 
not  form  ciyatals.     Ituimi-rio  with  dextrose. 

5.  I^ctoae,  milk  sugar.  A  <lisa<!charid.  (Dextroiie  and  galactose.) 
Found  only  in  milk.     Behaves  like  dextrose. 

6.  Galactose.  A  monosaocharid.  Formed  from  laotoee  b;  botliop 
with  dilute  mineral  acid». 

7.  Inosite,  muscle  sugar,  phnseomannitc.  Found  in  certain  animal 
tisHuei^,  n-s  the  heart's  muscle,  ttiid  in  oiTtain  pUnts  a.s  i>eaH,  beans,  and 
grapes.  Has  no  rotatory  power,  does  not  reduce  copper  and  is  not  fer- 
mentable. It  contains  the  beuiene  ring  and  hence  19  not  a  true  sugar. 
In  the  presence  of  decomposing  protcids  it  Is  converted  into  lactic  and 
butyric  acids. 

OeUuloBs. — Cellulose,  while  of  value  us  n  food  for  lierhivora,  has  oi> 
nutritive  value  for  man.  It  ia  converted  to  d«xtroBC  by  boiling  with 
dilute  stilpburie  acid. 

Poctin. — Pectin  is  n  eubstimoe  not  uncommonly  clas»ilied  a«  a  car* 
l;x>hydrate.  It  is  composetl  of  carbon,  hydroj^en,  and  oxygen,  but  its 
precise  composition  ii*  unknown.  It  is  found  in  \'arious  fleshy  fniita 
and  in  roots,  aod  is  believed  to  be  forrae«i  from  pectose  by  the  action 
of  vegetable  acidn.     It  is  known  also  as  v(gctal)Ic  jelly. 

Pectose, — Pectose  is  an  insoluble  substance  found  in  unripe  fruilA 
and  roots  :  an  earlier  atago  of  ]>eclin. 

The  earbuliyilriites  play  an  important  part  in  the  maintenance  of 
heat  and  the  production  of  force.  They  lesnen  the  need  of  lat  and 
form  fatly  tinsne.  Exw^ive  ingestion  interferes  with  the  nietamor- 
pha.iis  of  nitrogenous  tissue,  causes  dejmsitioo  of  lat  in  excess,  and  t» 
likely  to  prinliiw  digestive  disturbances.  Deprivation  for  a  time  can 
be  borne  provided  the  system  receives  Bufficient  fatty  food,  but  not 
otherwiae. 

Organic  Acids. — The  organic  acids  exist  in  (bod«  either  in  the  free 
state  or  in  combination  as  salts.  In  the  system  they  are  converted  to 
carlMinal^s  which  oxcrciw  a  moRt  iiiijwrlinit  influence  in  controlling' 
the  alkalinity  of  the  blood  and  other  6nids.  Deprivation  leads  to  a 
peculiar  dutturbanoe  of  the  .lyntem  resulting  in  scurvy.  They  iacluda 
malic,  acetic,  lactic,  oxalic,  citric,  and  tartaric  acids.  Malic  acid  is  a 
oomrtitnent  of  apples,  pears,  and  some  otlier  fruits.  Acetic  acid  is  the 
essential  eieinonl  of  vinegar.  Oxalic  acid  is  found  in  sorrel  and 
rhubarb.  Lactic  acid  is  present  in  fresh  meats  and  in  milk.  The 
two  most  imporlaut  acids  arc  citric  and  tartaric.  The  former  is  found 
la  oranges,  lemons,  limes,  and  other  fniits  ;  the  latter  largely  in  gmpcs,  j 

Notall  vt^tablea  contain  diese  acids,  and,  therefore,  not  all  have  anti-^ 
scorbutic  pro]K'rties.     Potatws,  cabbage,  itnd  rmilsan-  very  efficient  in 
this  respect,  white  peas  and  Iwans  are  notable  examples  to  the  contrary. 

Inorgaoic  SoltB-^Tlie  important  inorganic  salta  taken  into  the 
system  with  food  include  sodium  and  potassium  chlorides,  sodium^ 
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potaaniUD,  niiigncsiuiii  nnd  cutcium  p)io!<))hat«»,  un<Icompoun<]sof  iroa. 
The  Aulpliates  are  of  minor  importiincc  amt  are  itige.<iteu  id  only  small 
amnunta.     Th«  sulphur  <>»ciitinl  to  ^^ivth  U  taken  into  th«  system-j 
io  ottnbinattnti  in  the  pmtoiiU.     The  cliloririra  kc«p  the  globulins  of^ 
the  blow!  and  ctlicr  fliiiil*  of  tho  hotly  in  AoluLioii,  and  are  the  source 
of  ttw  liyiinx-iilorii^  acid  of  the  gjisirie  jtiice.     Th«  phofiphates  are  very 
esHtntial  to  the  f;n>wth  of  bone  mtd  to  the  nervous  system,  and  iron  isl 
needed  for  the  htemoglohin  of  the  hlood.     DeBoiency  of  calcium  and 
magncMum  saltM  luids  to  rickets  nnd  other  abnormal  ooaditiouit. 

Section  2.     ANIMAL  FOODS;   M&ATS.   FISH,   EQOS, 
AND   MEAT   PRODUCTS. 

The  fi>otis  of  animal  origin  used  by  niiui  inelude  the  flesh  and  varions 
organs  of  the  herbivora  and  swine,  domestic  uud  wild  fowl,  eggs,  fish 
and  ehellfish,  milk  iind  milk  pn"iuet«.  The  Hcjih  of  all  carnivorous 
atiinulfi  except  fish  in  unpalatable,  and,  therefore,  umUvKirablir  ii.s  fixxl, 
though  imder  slrwa  of  circiiini«tjmeo8  it  iniiy  he  borne.  Thus  during 
tlie  aiege  of  Paris,  about  6,00O  catA  and  1,200  dogs  are  »aid  to  have 
been  eaten  when  the  food  inupply  biul  brvome  .■«»  meagre  thut  anything  in 
tbe  form  of  flesh  was  acceptable.  In  Germany,  siceordiiig  to  a  cora- 
niunicnlion  of  Consiil-Ofni-ral  Oueiither  to  the  State  Department  at 
Washington  under  date  of  May  2t>.  1900,  the  statistical  year-book 
shows  tliat  on  account  of  ihe  high  price  of  other  meata  not  only  ltor«e« 
bat  also  dogs  are  much  used  us  fixtd.  At  Bre.*lau,  C'hemnitz,  Dresden, 
Li'ipzig,  Zwickau,  and  other  places  dogs  are  extensively  slaughtered  for 
this  purpose  and  regularly  inspeeteil. 

PirP  njporta  that  iu  Saxony  during  1894,  2!).'3 ;  in  !«!).'>,  388; 
in  1896,  399 ;  and  in  1897.  474  dog«  were  slaughtered  and  inspected. 
In  Deasau  between  189:1  and  1898  the  number  uvcniged  251  yearly, 
and  inspection  showed  th.tt  one  in  202  was  triehinous.  According 
to  Temjiel.' of  2'*;i  kille<l  at  Chemnitz  during  IR97,  I.:i!tl  per  cent. 
and  of  117  killc«l  during  the  first  half  of  the  year  18ft8,  2.04  per 
cent,  were  found  to  be  triehinous.  Tlie  niwit  is  paten  chiefly  in  the 
ro(u>te<)  f-Uile,  hut  also,  in  many  iiarts  of  Saxony,  raw  but  higldy  scu- 
aoned.  Ttie  same  animals  arc  commonly  enfx-n  by  the  Chinese,  and  the 
Cumda  lynx  and  thv  nkuiik  are  mied  as  delic^es  by  the  Xorth  Ameri- 
can Indians. 

MEATS. 

The  value  of  meat  as  food  dt-peiids  upon  the  presence  of  proteids, 
bt,  anri  mineral  m\ts.  Tbe  nitrogenous  estmctive  matters  (crcatin, 
etc),  sometimes  cnllctl  "  mcut  hiwes,"  formii]  by  cleavage  of  the  pro- 
teids,  give  flavor,  but  have  little  value  as  fowls.  The  carbohydrates 
ptay  but  an  inaignifu'nnt  part,  U'ing  present  eliielly  as  muscle  sugar 
uid  to  only  a  verj*  small  extent.     vVII  meat,  however  lean,  contains 
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fat,  some  of  which  is  visible  and  snmc.  indifllinguishablo  from  I 
fiber*  by  which  it  i»  niirroiiiKk-d.  Th«  visible  fat  variw  widely  id 
anwuDt.  Very  fht  beef  may  contain  more  than  a  quarter  of  its  wvi|;lit 
of  visible  fat,  and  fat  pork  meat  inorc  titan  a  half,  while  ohioken  and 
vta]  couluin  oomparativcly  little. 

The  oontent  of  water  varie-s  very  widfly  and  in  general  may  btfi 
iMid  to  be  govenifd  by  the  richueiut  in  fat,  for  while  tlic  |iPoleids  are 
&irty  constant  in  amount,  the  balance  in  weight  is  almost  wholly  uater 
aiiil  fai,  and  iW  gn-uUT  the  amount  of  tlic  one,  the  \tm  tlw  amount  of 
the  othor.  The  more  waiter  a  meat  contaiu8,'the  leas,  therefore,  ita  rel- 
ative tmtritive  value. 

Digestibility. — While  the  amount  of  nutriment  contained  in  mcnta 
chiefly  determines  their  food  value,  the  latter  is  to  no  inconsiderable 
extent  dejirndcnt  u]ion  the  ability  of  the  alimentary  tnict  to  digtvtt  and 
absorb  them.  Gastric  digestion  is  by  no  means  to  be  accepted  as  a 
n>«a»iir[>  of  the  true  digestibihiy  of  a  food,  and  the  same  is  true  of  the 
results  of  artificial  laboratory  experimenta;  hence  many  of  the  accepted 
atatementa  bearing  on  lhit<  subject,  ba.«rd  u])on  (he  oft-ijunted  experi- 
ments oti  .yexts  St.  Martin  and  upon  tcst-tuhc  ohservattous,  may 
wholly  disregarded. 

It«w  mMti^i  more  easily  but  lv?u  completely  dif^ted  than  that  which 
has  undergone  the  process  of  cooking,  and  roosted  meat  is  more  com- 
pletely digested  than  that  which  lias  been  boiled.  Fat  meat«,  a.<t  beef 
and  mutton,  :md  especially  )iork,  require  more  time  for  digration  tlian 
those  which,  like  chicken  and  veal,  contain  but  little  fat.  In  general  it 
may  be  said  that  meat.*  are  more  eiwily  as»iniilatwl  than  vcgt-tublc  foods. 

Flavor. — The  flavor  of  meats  depends  largely  upon  the  nature  and 
amonntK  of  nitrogcnons  extntclivea  which  they  contain,  and  is  greatly 
moditicd  by  the  condition  of  the  animal  when  killetl,  its  age,  sex,  and 
the  eliaracter  of  its  food.  The  high  flavor  of  binls  and  game  is  due  to 
the  riclini.-is.»  in  cx tract ive.s,  while  in  the  case  of  meats  deficient  in  thc«a 
sabstances,  as  for  example  muttoD  and  pork,  the  flavor  is  due  largely  to 
tlieir  contained  fats.  Most  meatA  are  improved  in  flavor  by  being  kept' 
for  a  time  during  which  uiiditlonul  fliivurs  due  to  decum|>osition  prod- 
OCta  similar  to  the  exiraclives  are  developed.  The  meat  of  young  mii- 
mala  is  lcs#  highly  flavonil  than  that  of  ndulti<,  and  that  of  females 
than  that  of  males,  though  in  the  case  of  the  goose  this  oondition  is 
vended,  and  in  that  of  swine  no  diflerence  ia  observable. 

Asexualixation  by  i-paying  or  castration  produces  a  fatter,  more 
tender,  and  l>plter  flavored  meat.  Thus  the  flesh  of  oxen  is  far  pref- 
erable to  that  of  bulls  or  cows,  and  that  of  capons  and  poulard  to 
iliat  of  cocks  aud  hens. 

Texture. — Whether  a  given  meat  is  toagh  or  tender  depends  tipon 
the  character  of  the  walls  of  iIk*  mnsele  tnlHi*  ami  u]Hin  the  amount  of 
comivctivc  tiiwue  present.  The  tube  walls  are  tbiu  and  delicate,  and 
the  connective  tinuc  is  small  in  amount  in  the  ymuig  and  tvell-fcd,  but 
OS  the  animal  becontes  older  or  is  made  to  n-urk,  tlie  tubes  thickeQ  and 
become  hard,  the  couneclive  tissue  inoreaaea  in  amount,  the  fat  may 
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Characteristics  of  Good  Meat. — Moal  slimild  have  a  uniform  a 
neither  ubDormnlly  pale  nor  uicUned  to  purplisb.  It  should  have  litUe 
or  uo  ixlor,  and  .luch  as  il  Iin8  shuuld  givo  no  di^mgri^oablc  iinpre«siuD 
such  aa  the  sickly  cadaveric  smell  characteristic  of  diseased  or  decotn- 
poeiing  Heith.  It  should  Ix'  ttrm  and  (-Wtlc,  and  .ihoutd  not  pll  or  crackle 
on  prewKurc,  On  being  handled  it  shouUl  scarcely  moisten  the  fingers, 
and  with  keeping,  the  exterior  should  hooome  dry  rather  than  wel. 
There  shunld  be  no  evidence  whatever  uf  the  presence  of  parasites. 

Beef  has  a  bright  red  oolor  and  a  marbled  appearance,  due  to  the 
presence  of  fal  Ijciwi-eti  tin-  bundles  of  muscular  fibers.  This  marbling 
is  much  less  apparent  in  the  flesh  of  animals  that  have  not  been  well 
fed  and  of  old  cnw^  nud  bidU.  Bull  meat  is  darker  than  that  of  oxen 
and  cows,  and  is  coarse,  stringy,  and  of  etrong  flavor. 

Veal  h  much  paler  than  Wcf  an<I  let«x  firm  to  the  tonch,  and  coming 
from  a  very  young  animal,  "  bob-veal,"  it  is  flabby  and  watery,  and  ita 
fat  has  a  tallom'  appearance. 

Mutton  should  be  of  a  dnlUred  color  and  firm  to  the  touch.  Its 
fat  is  white,  sometimes  yellowish,  and  hard. 

I^ndj  is  g(^)u)cwhiit  lei<»  firm  to  tJie  touch  and  luis  a  decidedly  li^iter 
color. 

Pork  is  much  less  firm  to  tlie  touch  tliati  t>c<tf  and  mntton,  and  its 
fat  is  quite  soU  in  comparison. 

Horse  meat,  the  use  of  which  in  inerea»ing  rapidly  abroad  and  to  a 
much  greater  extent  in  tluH  country  than  is  commonly  believed,  is 
darker  and  coarser  than  l>eef  and  jxissesaes  a  very  different  odor.  The 
fat  is  yellow  and  oily  and  ha«  a  nither  disagreeable  odor. 

The  flesh  of  birds  is  not  marbled  like  that  of  mammals.  That  of 
wild  fowl  that  feed  on  fish  has  a  Htrong  flavor  which  is  not  improved 
by  keeping. 

Comparative  Digestibility  of  Meats. — Beef  is  coninjonly  and  cor- 
rectly regsinli.d  us  oni'  of  tlic  most  digestible  of  meats,  but  aeconling  to 
the  expcrienee  and  tejitiraony  of  many  victims  of  dyspepsia  it  ia  infe- 
rior in  this  respect  to  mutton.  Pork  is  without  doubt  digi'Sti^-d  witli 
greater  difBoulty  than  any  other  meat,  on  account  of  its  high  content 
of  fat.  The  evidence  as  to  veal  is  most  cunflietiug,  some  holding  that 
it  is  very  easily  digested,  while  others  maintain  the  contrary  view. 
Certain  it  ia  that  many  pcr!«ins  bear  it  very  ba<lly.  The  while  meat 
of  chickens,  fowls,  and  turkeys,  is  more  delieat*  and  more  ejisily  di- 
gested than  the  dark  meal,  probably  by  rea.<ion  of  it.'^  smaller  amount 
of  fat.  The  flesh  of  ducks  and  geese  its  harder,  richer,  and  more  diffi- 
cult of  digestion.  Gamp  birds  are  leas  fat  than  poultry  and  are  often 
much  better  borne.  Their  habit»  of  life  are  unfavorable  to  the  de|x>- 
sition  of  much  fat.  IJver,  kidneys,  and  heart  are  generally  regarded 
as  unsuitable  as  fooils  for  persons  with  weak  stomach:^,  but  tripe  and 
Hwt'p  I  breads  are  UfiualK"  easilv  borne. 

Composition  of  Meats. — In  the  following  lablea  showing  the  com- 
position of  the  edible  portions  of  meats,  the  figures  given  arc  taken, 
unlci^  otherwise  stated,  from  Bulletin  \o.  28  (revised  edition)  of  the 
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Office  of  Experiment  Stations  of  the  U.  S.  Department  of  Agriculture : 
The  Chemical  Composition  of  American  Pood  Materials  : ' 
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0.8 
1.0 
0.0 
0.9 
0.9 


0.9 

1005 

1.1 

470 

1.0 

716 

1.0 

H05 

0.8 

1620 

246 
19.7 
18.5 
17.5 
17.8 


3.7 
12.7 
20.2 
27.6 
32.3 


1.3 

1.0 
1.0 
0.9 
0.9 


61.3  i  19.0 


60.0 

21.9 

61.9 

18.9 

42.2 

13.8 

59.2 

16.2 

6.').  7 

21.9 

67,9 

19.6 

.W.S 

17.5 

48.5 

15.0 

45.9 

14.6 

J9.1  I  J^.O^ 

20.4 

18.5 
43.7 
24.4 


1.1 

12.0 
26.6 
35.0 
38,7 


1.0 
1.0 
0.8 
0.8 

0.7 
1.0 
0.9 
0.7 
0.G 


1495 

680 

720 

866 

1136 

1656 


920^ 

620 

866 

1240 

1615 

2445_ 

1256 


615 

900 
1190 
1490 
1698_ 

1155 


1270 
1130 
2100 
1330 

455 

870 

1450 

1780 

1905 


57.0  I  17.8       24.6  i   0.9  '  1370 


Avenge 

Bound,  very  lean.. 

lean 

medium  fat  ... 

tM 

veiT  fat 

Average 


73.7 
69.0 
63.9 
51.5 

11   i   64.8 


6 

31 

18 

5 

2 


62 


73.6 
70.0 
65.5 
60.4 
55.9 


67.8 


20.8 
20.2 
19,3 
17^ 

19.^ 

22.6 
21.3 
20.3 
19.5 
\».2_ 

20.9 


5.0 
10.5 
16.7 
31.3 


15.6 

0.9  . 

2.8 

1.3 

7.9 

1.1 

13.6 

1.1 

19..^ 

1.0 

26.2 

0.8 

10.6  1 

1.1 

1.0  I  600 
1.0  I  820 
0.9  I  1065 
0.8  I  1640_ 

1015_ 

,'S40 

730 

9.50 

1185 

1445 

835 
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BEEF. — QytiHnued. 


Cut 


Bound,  second  cat. 

Rump,  very  lean — 

lean 

medium  fat..... 

fat. 

very  (at , 


II 


Average 

Beef  heart 

Kidney  (carbohydrates  0.4). 
Liver  (carbohyaratee  1.5)..., 

Harrow..,. 

Tongue 

Lungs 

Suet , 


Boast  beef  (cut  not  specified). 

Sirloin  steak,  baked 

Broiled  tenderloin 

Round  steak. 


Coaned  corned  beet.... 

<inned  roast  beef. 

Canned  whole  tongue., 
(^nned  tripe 


Corned  beet  (alt  cuts) 

TcHigues,  pickled 

Tripe  (carbohydrates  0.2).. 


24 


15 
4 
6 
2 


10 
2 
4 


5 

tf 

> 


•s 

fa 


69.8   I  20.4 


71.2 
65.7 

56.7 
47.1 

40.2_ 

57.9 


62.6 
76.7 

71.2 
3.3 

70.8 
79.7 

i?!L 

48.2 

63.7 

54.8 

63.0 


51.8 
58.9 
61.3 
74^ 

53.6 
62.3 

86.6 


23.0 
20.9 
17.4 
16.8 
15.0 


18.7 


16.0 

16.6 
20.7 

2.2 
18.9 
16.4 

4.7 


22.3 
23.9 
23.5 

27.6 


26.3 

25.9 
19.6 
16.8 


16.6 
12.8 
11.7 


t 


8.6 


5.1 
13.7 
25.5 

35.7 
44.3 


23.1 


20.4 
4.S 
45 

92.8 
9.2 
3.2 

81.8 


28.6 
10.2 
20.4 

7.7 


18.7 

14.8 

23.2 

8.5 


26.2 

20.5 

1.2 


1.1 


1.2 

1.0 
0.0 
0.8 
0.8 


0.9 


1.0 
1.2 
1.6 
L3 
1.0 
1.0 
0.3 


1.3 
1.4 
1.2 
1.8 


4.0 
1.3 
4.0 
0.6 


4.9 
4.7 
0.3 


-740 


645 

965 

1400 

1820 

2160 


1325 


1160 
620 
605 

3955 
740 
440 

3540 


1620 
875 

1300 
840 


1280 

1105 

1340 

670 


1395 

1105 

270 


POBK. 


Cut. 


I 

1.^-1 

Hain,  fresh,  lesn 2 

medium  lat 10 

fat 5 

visible  fat  largely  removed 3 

Loin  (chops),  lean 1 

medium  fat 19 

tat ^ 4 

Tenderloin j  11 

Slioulder. 19 

Feet 

3 
2 
1 


Bead  cheese 

Kidneys. 

Liver  (carbohydrates  1.4) 

Ham,  smoked,  lean 

medium  fat 

fat 

smoked,  boiled 

Shoulder,  smoked,  medium  fat., 

fat 

Salt  pork,  fat 

lean  ends 

Bacon,  smoked,  lean 

medium  fat 


60.0 
53.9 

38.7 
64.5 
60.3 
52.0 
41.8 
06.5 
51.2 
50.7 
43.3 
77.8 
71.4 


83.5 

40.3 
27.9 
51.3 
46.0 
26.5 
07.9 
19.9 
31.8 
18.8 


I 


25.0 
15.3 
12.4 
19.2 
20.3 
16.6 
14.5 
18.9 
13.3 
8.3 
19.5 
15,5 
21.3 


14.4 

26.9 
50.0 
16.2 
19.0 
30.1 
44.4 
13.0 
34.2 
17.4 
33.8 
4.8 
4.5 


19.8 

16.3 

14.8 

20.2 

16.9 

15.1 

L9 

8.4 

15.5 

9.9 


20.8 
38.8 
52.3 
22.4 
32.5 
63.6 
86.2 
67.1 
42.6 
67.4 


i 


1.3 
0.8 
0.7 
0.9 
1.0 
1.0 
0.7 
1.0 
0.8 
0.4 
3.3 
1.2 
_M 

5.5 

4.6 
S.7 
6.1 
6.7 
5.2 
3.9 
6.7 
11,0 
4.4 


III 


M 


1075 
1605 
2346 
1040 

IISO 

1580 

2145 

900 

1690 

1090 

1790 

490 

615 


1245 
1940 

2485 
1320 
1665 
2545 
3670 
2985 
2085 
3030 


coMposrrtoif  of  meats. 
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VEAI- 


Cut 


Braat,  lemn 

medium  fit 
ijtg,  lew 

mediom  lat 

cutlets. 

Loin,  lean 

medium  &tt. 

fat 

Hewt 

RJdncjB. 

Liver. 


5 

i 

rf 
5 

t 

JJ 

5 

1 

M 

72.1 

21.7 

6.6 

1.1 

640 

7 

66.0 

19.5 

14.0 

I.O 

955 

» 

73.5 

21.3 

4.1 

1.2 

570 

10 

70.0 

20.2 

9.0 

1.2 

756 

■A 

70.7 

20.3 

7.7 

1.1 

705 

6 

73.3 

20.4 

6.6 

1.2 

615 

6 

69.0 

19.9 

10.8 

1.0 

826 

2 

61.6 

18.7 

18.9 

1.0 

1146 

1 

73.2 

16.8 

9.6 

1.0 

720 

2 

75.8 

16.9 

6.4 

1.3 

685 

2 

73.0 

19.0 

6.3 

1.3 

576 

MUTTON. 


Cut. 


HindW,  lean. 

mediam  fat. 

&t. 

Loin,  mediom  fat  witboDt  kidne;  and  tallow. 

fat  without  kidney  and  uUow 

very  fnt  witlioiit  kidney  and  tallow 

Fore  quarter 

Hind  quarter. 

Koast  leg,  cooked. 

Kidneys 

Liver  (carbohydrates  6.0) 


II 


3 

11 

1 

13 
3 
1 
10 
10 
2 
1 
2 


I 


67.4 
62.8 
55.0 
50.2 
43.3 
30.8 
52.9 
64.8 
50.9 
69.5 
61.2 


S 

I 


19.8 
18.6 
17.3 
16.0 
14.7 
10.6 
15.6 
16.7 
26.0 
16.9 
23.1 


t 


12.4 
18.0 
27.1 
33.1 
41.7 
58.7 
30.9 
28.1 
22.6 
12.6 
0.0 


1.1 
1.0 
0.9 

0.8 
0.8 
0.5 
0.9 
0.8 
1.2 
0.9 
1.7 


890 
1105 
14ti6 
1635 
2035 
2675 
1595 

I'm 

1420 

845 
905 


LAMB. 


Gut. 

I.J 

i 

li 

■B 
I 

In 

4 

< 

S-a-ir" 
1^ 

2 

63,9 

19.2 

18.3 
17.6 
18.7 
18.3 
19.6 
21.7 
19.7 

16.5 
27.4 
30.1 
28.3 
25.8 
19.1 
29.9 
12.7 

i.i 

1055 

1      54.6 

0.9  1  1495 

51.8 
Kl,l 
55.1 
60.9 
47.6 
67.1 

0.9      1595 

1.0  1  1540 

1.0      1430 

1.0      1170 

1.3 
0.8 

1666 
900 

80 


FOODS. 


POULTRY. 


CuL 

II 
Is 

1 

i 

^11 

m 

3 

sa 
1 

8 

1 
1 

74.8 
03.7 
«.7 
M.li 
D9.3 
73.8 

21.« 
19.3 
16.3 
21. 1 
22.4 
19.6 

2.6 

lfl.3 

36.8 

22.9 

4.S 

6.8 

1.1 

1.0 
0.8 
1.0 
1.7 
1.0 

806 

1046 

1830 

TiiHe^v 

1300 

040 
«I0 

Honte  M«itt. — The  meuu  of  twelve  anslysee  of  horse  meal  as  givcQj 
by  KoDJg'  in  as  follows  : 

WM«r. _ 74.27 

Protelda 21.71 

Fat _ ^ 8.56 

A-h l.OI 

Meat  Preparations.  tl%tA  Extracts.  —  Th<«c  are  proparatio] 
wbicli  are  often  ctToneously  supposed  to  eontain  all  the  nutritive  part* 
of  the  nicaU  from  wiiicli  llicy  aw  matle,  Imt  tliey  are  to  be.  regarded  as 
Gtiniuluatf!  nttlier  tlian  foods,  siuee  they  repreeent  the  esEtrucllvi-H  and 
not  the  !<uhiiitaiioei«  whieh  dettinniiie  tht-  true  fixtd  value.  In  pinnt  of 
fact,  so  far  a»  their  nutritive  properties  are  conecrni-d,  it  hua  txicn 
shown  that  animaU  will  die  more  quickly  of  starvation  when  fed  ez- 
clusivi'ly  upon  thfse  stimulating  preparations  than  when  entirely  de- 
prived of  food,  Thov  are,  however,  of  considerable  value  in  their 
proper  plao^,  ]>iirtiruliirly  in  coudiliouH  of  gnvil  fatigue  aud  exhaustion 

Uoat  Povdor. — >rcat  luay  be  easily  treated  so  as  to  retain  all  of  i 
nutriment  and  yet  have  a  very  much  diminished  volume.  The  I 
|i.irt»  art-  cut  into  i^roull  strips,  dipped  for  a  few  minutes  into  very  hot 
fat  (fried),  drained,  and  then  slowly  dried  in  an  oven.  When  com- 
pletely ilry  they  are  ground  in  an  ordinary  spice  mill  or  coffee  mill  to 
u  fine  powder  which  keeps  well,  has  an  agreeable  taste  and  a  pleasant 
odor,  vr>  easily  digest«d,  and  can  l»c  used  in  a  great  many  diflcrent  ways. 

Sausages. — .Siuisagc  is  generally  understood  to  mean  an  article  of 
food  consisting  chiefly  of  finely  ohopi>"l  mwil,  mainly  [wrk  and  l)eef, 
with  or  without  the  addition  of  a  small  amount  of  meal,  highly  sea- 
soned with  spices,  herbs,  and  other  flavorings,  and  stuffed  into  casings 
made  from  the  cleaned  and  prepnretl  inteatiucs.  Their  nutritive  value 
is,  therefore,  about  the  same  as  average  meat.  As  may  he  supi>osed, 
the  best  cuts  of  meal  arc  not  n^ed  in  their  innnufucturc,  but  only  t^iich 
parttf  as  eiinnol  be  disposed  of  in  pieces  of  fair  size  and  of  attractive 
appearance.  Hut  there  are  i«au.4agcs  and  snu^iages.  There  are  those 
made  from  meat  of  good  quality  and  others  from  materials  which 
would  not  be  salable  in  any  other  form. 

I  Zuauuneiuiettung  del  neiwchlichon  Xfthruafp-  und  GenoMiultiel,  Berlin, 
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(19.3  oenttt),  mid  the  inferior  piirte  10  centimes  (2  ccntit)jwr  pound 
I>uriog  18110,  822  horses  and  mules  were  slaughtered  in  Strasaburg ; 
iu  1897  Uic  number  iuvretucd  to  899,  aud  in    1898  to  1,099.     Tbe 
price  of  horse  meat  rauged  in  February,  189!),  from  6  to  S  centa 
pound. 

718H. 

Id  the  ordinary  sense  of  tlic  word,  fish  includes,  in  tiddition  to 
varieties  of  6sh  in  its  narrow  aenee,  moIluBke  {clams,  oysters,  mussels, 
etc.)  and  cniftacani!*  (lolwlcr*.  cmhs,  (•rawfi.sh,  and  ^hrimpn). 

Many  prejudices  have  existed  from  the  earliest  times,  and  to  a  cer^ 
tain  cxtj^nt  still  exint  agaiuM  the  use-  of  tish  in  the  diet.  The  ancient 
belief  that  a  fish  diet  is  a  mnimon  cause  of  leprot-r  still  obtains  to  a 
certain  extent  even  among  enlightened  jieople,  in  spite  of  all  scientific 
i-videncc  to  the  contniry.  Thus  Mr.  Jonuthun  Hutchinson  *  main- 
taina  that  tliis  disease  is  so  caused  especially  if  the  6sb  is  poorly  cooked 
or  piirtially  diTumposcil.  Hi-  ;»»!<i:rl«  tlint  the  disiciise  prwaiis  nvar  tin 
sea  and  is  disap|>earing  iiefore  the  advance  of  agricnttiire  :  but  o 
poised  to  thi8  i«  the  fiict  that  in  the  tuti-riorof  liulia  the  dis£a»-  ii*  v 
common  among  people  whose  religion  forbids  the  use  of  fish,  an<I  wh' 
cannot  obtain  it  es'en  if  it  were  desired. 

Some  viiricti(«  of   fii^h   csmiiot   Iw  eaten   becnusc  of  their  inherent 
pnisouous  properties.      But  few  of  these  arc.  however,  found  north  of 
the  tropics.     Sonic  of  tiiem  are  always  ix)iw)nou»,  and  others  only  al 
certain  times,  and  in  some  cases  individuals  of  certain  species  may 
snd  others  may  not  \w-  noxIoiiK.     Simc  varieties  of  ti:<li  are  thi>  lios 
of  parasites,  some  of  which  are   injurious  to  man,  but  unless  eaten 
tlic  raw  Mate  tlu-y  ai-e  not  lilci-ly  to  pmduce  hiirrn. 

There  is  a  von,'  gtiieral  belief  that  lisli  is  iiarticuhirly  viiluablc  as 
brain  food,  on  accx^juiit  of  the  supposed  high  jx^i-eeiitage  of  phosjihonig 
that  it  eoEitniuM.  The  nmouut  of  phosphorus  is,  however,  so  far  an  is 
known,  no  higher  in  lish  than  in  meat  and,  moreover,  this  element  ii 
no  more  cswntial  to  flu-  brain  and  nervous  system  tlitiii  any  othe 
which  are  present.  If  there  were  any  truth  in  this  common  l>elief  w 
should  naturally  cxpeel  to  find  men  of  coninuindin^  iutidlect  anionfj^ 
those  whose  diet  consists  mainly  of  fish,  but,  as  is  well  known,  suefa 
jieople  are  of  a  low  oi-der  of  intelligence,  though  not  by  reason  of 
their  diet. 

In  spite  of  the  high  amount  of  nutriment  contained  fish  has  not  t 
same  satislj-ing  pro|H-rtics  that  belong  to  meats,  but  it  is  an  excce 
ingly  valuable  foo<l  and  !ii  many  parte  of  nortitern  countries  ia  thi 
jiriucipal  animal  fixid.     The  fiavor  of  fish  is  greatly  infiiieno^-d  by  tin 
nature  of  the  fwjd  supply  sun!  by  the  content  of  fat.      Generally  speak 
iiig,  salt-water  fish  from  cleep  water  whero  the  current  is  strong  a: 
better  than  those  from  shallow,  wiinn,  and  quiet  water,  and  both  salt- 
water and  fresh-water  fish  taken  from  rocky  and  sandy  Itottorag  are 
preferred  to  those  from  muddy  bottoms. 

'  Ari'lilvi'«  iif  Surjfcr*',  April,  1800. 
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Ciin<]itinn  i*  dependent  upon  a  x-ariotj-  of  ciruiiiiutnnct'i*.  8ome 
fiHli  aiv  retarded  moet  litghlv  duriiij;  llwir  spawning  seasoD  (shad  and 
Hiiiolts),  while  other*  arc  looked  u|>i>n  wilh  liinfiivor  iit  tliis  jh-HimI, 
Fish  caught  Ijy  the  pilU  in  gill  xiH"  die  slowly,  hut  decomiwsf  rapidly, 
and  such  are  of  inferior  flavor  and  valnc.  Fish  tiikt-n  froni  the  water 
alive  and  Icilliid  at  onr<>  remain  ftrm  and  retain  their  llavur  longer  tluin 
tho^c  alloved  to  die  elowly. 

Digestibility. — 8i>  far  as  is  known  the  digcstihilUy  of  fish  iiml  incati 
is  about  equal,  but,  ae  is  true  of  mirati^,  ilitlereiit  variciii.'H  of  fi»h  are 
diflcrently  digestible.  Thua,  those  which  contain  tlie  greatest  per- 
oeolagee  of  fat,  aa  salmon,  c«U,un(l  mnrkcrcl,  are  the  mo»(  diffieiilt  of 
digeadou.  Tlie  processes  of  drying,  smoking,  salting,  and  pickling 
IciHn  digestibility,  and  fiiili  im^i  trcatt^l  are  in  ooiwuqtiencc  lewn  ^uitca 
to  the  needs  of  invalids  and  dyspejitics.  The  mollufiks  are  generally 
Ttigarded  as  most  digestible,  while  Uie  oruntaceiins  are  believed  to  (ax 
the  digestive  powers  much  more  than  any  other  animal  fond.  Many 
[ienii>nr>  arc  iitiahh-  to  digi-.-t  them  in  any  form,  and  otlu-rs  whd  sulTer 
no  inconvenience  so  I'lir  as  digestion  is  concerned  arc  obliged  to  prao- 
tioe  self-denial,  becaate  of  idiosyncrasy  which  manifests  itself  in  ditt- 
trrwing  eniptivc  dimrderv  of  the  «kin,  dizziness,  and  other  nervous 
symptoms.  Lobsters  and  eraba  are  njuch  alike,  but  the  former  in  Iei*« 
liluly  to  di.'OLgrce.  The  chiwit  of  the  lobster  are  more  tender  and  deli- 
cate than  the  tail,  which  is  much  clowr  grained  and  firmer.  Shrimps 
ftne  generally  r»le<l  ii«  more  difficult  of  digestion  tbaa  lobsters  »ad 
crabs,  but  with  many  they  arc  more  easily  borne. 

The  mollu.tks  are  mure  digestible  in  the  raw  state  than  when  cooked. 
Tlw  hard  part  of  the  oyster,  the  B<i<hictor  niiiKle,  is  vcrj'  trying  to 
nonie  ]>ersiiii.s  and  in  such  eases  is  best  removed  and  rejected. 

KeepinfT  Qtiallties. — Fi«h  ile^h  diHVn  very  gTeu.tly  from  meats  in 
keeping  (jualilies.  While  the  latter  arc  improved  up  to  a  certain  {>oint 
by  Imnginj;,  fish  should  be  eaten  while  fairly  frojili  nnoc  ileci imposition 
sets  in  verj-  (|ulpkly.  Some  varicticH,  us  halibut,  cod,  haddock,  nnd 
lurbot,  may  be  kept  u  week  cr  more  when  pn>perly  cared  fur,  while 
others  begin  to  deteriorate  almost  immediately.  So  long  as  thv  desh 
is  firm  and  stiff  all  fi.sh  is  edible,  but  when  it  is  readily  crushed  by 
evotltt  pfwsiire  between  the  fingers  it  is  unsound  and  should  be  re- 
jected. MoUusks  and  crustaceans  tleconiposc  very  (piiekly  and  the 
Intt'-r  whin  l».iliii  a  short  time  alWr  natural  death  have  but  little  flavor. 

Oompojitioii. — The  wliitc-fleshfd  fish,  llie  haddock,  cod,  hake,  sole, 
turbiii,  halibut,  etc.,  contain  but  little  (at.  The  salmon  is  regarded  as 
approaching  meat  more  closely  than  other  fish  and  Is  the  fattvst  of  all, 
Bar{iai«ing  in  this  n^pect  the  eel,  mackerel,  and  herring  which  are 
commonly  known  as  fat  fish. 

Id  the  following  table  taken  from  the  report  of  the  United  States 
Commissioner  of  Fish  and  Fisheries  for  1888  ([Mgc  741),  fish  are 

tiificd  according  to  tlic  percentages  of  flesh  which  they  yield. 
L 


u 


FOODS. 


Kindt  of  fish. 


OnlainiKg  SO  per  cent,  or  ever  nfjleth. 

Sponufa  mackerel 

Silmon 

Eed  snapper 

CotHainiite  iKtwc^  SO  ami  SO  per  cent,  offiah. 

Smelt 

Piko  (pickerel) 

Cisco.  

Bulter-fish      

S|>ent  aalmon 

Mackerd 

Pompano. 

Lamprej  eel 

Herring. 

KckMd 

Spent  luid-li>cked«almon 

Turljot  

Brook  trouL 

Mustellunge 

Alevrife 

CmOaining  between  SO  and  iO  ptr  ctnl.  of  fieth, 

sb«a 

WeakfiBh 

Cod 

WhiteRih. 

Smii  II -11 1  on  tiled  lilnck  ba« 

Striped  tiiiHS.  

lATge- mouthed  black  boM 

Sen  linsB.  

Wiuler  lioiinder. 

Lake  trout,  "  Mackinaw  trout " 

Kingfiab 

Pike  perch,  "WaU -eyed  pike" 

Mullet 

Tomcod. 

Porgy 

CoJitaiiting  betveen  40  and  SO  per  cent,  offietk. 

BlackGsfa 

'\Vliilc  ]>crch   ■ 

Y-ellow  perch 

Pike  perch,  "grey  pike" 

Bedbnai 

Sheepahead 

Common  floander 


Ho.  of 

■IMelllHDI 

uuUjied. 

Fish. 

1 

par  saat 
65.4 

4 

64.7 

I 

60.0 

2 

S8.1 

1 

57.3 

1 

67.3 

1 

57.2 

2 

66.4 

6 

66.4 

2 

54.6 

1 

64.2 

1 

64.0 

2 

62.9 

2 

52.7 

1 

52.3 

3 

61.8 

1 

50.8 

2 

60.5 

7 

49.9 

1 

4S.1 

2 

47.6 

1 

46.5 

1 

46.4 

S 

45.1 

1 

44.0 

1 

43.0 

1 

43.B 

1 

43.7 

1 

43.4 

1 

42.8 

1 

42.1 

1 

40.1 

3 

40.0 

2 

39.9 

2 

37.5 

37.3 

36.8 

36.5 

34.0 

sas 
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In  the  Bune  work  they  are  classified  according  to  their  richneaB  in 
&t  as  follows : 


Einda  of  fiih. 

No.  or 

ipedmeiu 

WM«r. 

Fata. 

Qmtavning  over  S  per  cm*,  offal*. 

2 
1 
5 
1 
2 
1 
1 
7 
1 
2 
2 
6 
1 
3 
3 

2 
1 
2 
2 
2 
1 
2 
6 
1 
1 
1 
1 
3 

1 

2 
1 
4 
1 
3 
1 
1 
1 
2 
1 
1 
2 
2 
1 
1 
1 
2 
1 
1 
6 
1 
4 
1 

par  cent 
63-6 
71.4 
63.6 
71.1 
69.1 
70.0 
69.0 
70.6 
68.1 
71.6 
72.8 
73.4 
69.8 
76.4 
76.0 

74.4 
74.9 
76.7 
75.6 
76.7 
76.2 
78.5 
77.7 
76.3 
74.S 
79.0 
78.6 
77.7 

78.7 

79.2 

82.2 

79.1 

78-6 

78.6 

78.6 

79.2 

70.0 

79.3 

SO-fl 

83.1 

84.2 

79.4 

79.8 

79.3 

79. 7 

79.7 

81.6 

81.6 

82.6 

84.4 

81.7 

82.0 

per  oat 

17.9 

14.4 

18.4 

13.3 

11.4 

11.0 

11.0 

Ry,.A 

9.6 

9.4 

9.1 

7.6 

7.1 

6.5 

6.2 

6.1 

OnXann'ng  bcMsent  S  mul  7  per  eenl,  offai*. 

4.9 

4.6 

4.1 

3.7 

3.6 

3.6 

ao 

2.8 

2.5 

2.4 

Weakfish 

2.4 

2.4 

2.1 

CvHtaininff  Uu  tkan  t,  ths  majority  U— than  1  per  eatl- 
offaU. 

l.S 

1.8 

1  4 

1.4 

1.3 

1.0 

1.0 

1.0 

0.8 

0.8 

0.8 

0.7 

0.7 

0.6 

0.6 

0.6 

0.6 

0.6 

0.5 

0.4 

0.4 

0.4 

0.3 

0.2 
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The  ch«inical  compoeition  of  tlio  (^dibk  portions  of  many  varieties 
Anit-ricaD  ti»ii  is  given  id  the  folluH'ing  tab]^  compiled  from  the  same 
report: 


KlndiaffitlL 


OLtlfomitt  lalinciii. 

Eri 

ffilm^^  ■■■■ II 

I  SjUkniiih  nilcbaKl . 

I  Lake  iroul 

WbiUluh 

BiiUerliidi 

8h>d 

L*tnpny  ccl 

Torlwi 

'Uackercl^ i 

[  Borring > 

PnnipaiKi 

AlcTH'ite 

Small  ■inoulhcd  black  Imm. 

Holibiii 

Blice|m1ii.-Hd I 

Whilt  perch » 

PollfH^k  , 

Cisco I 

{Mtwkdluiigc 

Btripod  bam 

Brook  uout 

Bed  cniipper 

ifiluclbh , 

^  lArB^Biiiutheil  black  Imm 

Bmall-tnoutliixl  rvd-honie... ..i 

Stiirgcnn , 

8k«i.. I 

Wwiklish „..i 

Bli.ck6.h... , 

D«lt I 

Gib I 

UM. 

iGronpw , 

jYelluw  percb 

Ipikc  perch,  Wall-cycd  piko. 

Pbkpn'l 

Pike  iwnb,  Grsv  »ik« 

Ilnddoc^k 

Tofficod , 

IMbua. 

Cnik. 

Ood 

Hake 

Oimnion  fti'iinder 

Vrinter  flolln(1l^^. .....,...„ 

Spent  fiih. 

Spent  HiltDon •(•■■•••ii 

Spent  land -lock<iil  Mlmon 


In: 


FMBddi.      Fau 


psrcL 
17.46 
Ift.8S 
20.77 
20.iiT 
18.22 
22.06 
17.81 

18.  &5 
14.63 
12.S2 
18.77 
18.19 
18.66 
19.17 
21.60 
18.36 
19.54 
10.  OS 
21.66 
19.13 

i9.es 

1B.31 
18.97 

19,  SO 
19.02 
19.24 
17.90 
17.96 
18.82 
17.46 
18.47 
17.36 
18.66 
18.76 
18.60 
18.49 
38.42 
13.64 
17.26 
17.10 
J  7.08 
16.t!8 
16.92 
16.00 
16.24 
18.82 
14.01 

18.«l 

17.24 


p«CL 

17,87 
18.74 
12.00 
9.4$ 
11.38 
6.49 
11.03 
0.48 
13.29 
14.41 
8.21 
8.02 
7.67 
4.92 
2.44 
6.18 
3.69 
4.07 
0.78 
3.48 
2.54 
2.83 
2,10 
1.03 
1.2fi 
0.96 
2.36 
l.BO 
0.93 
2.39 
1.35 
1.80 
0,05 
0.4B 
0.60 
0.70 
0.47 
0.60 
0.7fi 
0.20 
0.38 
0.53 
0,17 
0.30 
0.67 
0.60 
0.44 

S.«0 

2.08 


Teul. 


WtMr. 


1.14 

1.24 


patot. 
W.W 
36.49 
34.24 
81.90 
80,80 
30.17 
».Bt 
39.38 
28.88 
28.61 
28.33 
27.90 
27.22 
36.56 
36.18 
24.58 
24.4.5 
24.29 
2.198 
2.3.86 
23.74 
22,30 
22.28 
21.64 
21.54 
21.39 
21.44 
21.29 
21.18 
21.03 
20.90 
20.84 
20.79 
30.68 
20.55 
20.48 
20.26 
20.32 
19.15 
1S.61 
lSu4& 
18.44 
17.99 
17.54 
16.89 
16.79 
16.06 


pctfct. 
63.61 
04.61 
66.  T6 
0&.1Q 
09.14 
«9.83 
7a02 
70.62 
71.12 
71.39 
71.62 
72.10 
72.78 
74.U 
74.82 
76.42 
76..'>6 
76.71 
76.02 
76.16 
76.20 
77.70 
77.72 
78.46 
78.46 
78.61 
78.56 
78.71 
78.82 
78.97 
79.10 
79.16 
79.21 
79.38 
79.46 
79.62 
79.74 
79.68 
80.86 
81.39 
81.65 

82.01 
82.46 
83.11 
84.21 
84.36 


per  pou  ud. 

OlorWi. 
1,080 
1,086 

896 
7M 
8»l 


SS.»    78.74 
21.46    78.64 


i 


496 
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Fuh. 


Dencated  codfiih  (fiih  meal).. 

Salt  codfish 

Salt  mackerel 

Smoked  haddock 

Smoked  halibat 

Smoked  hening 

Canoed  nlmon 

Canoed  mackerel 

Canned  tunnj 


1 


pSTCt- 

74.46 
21.42 
18.88 
33.68 
20.67 
36.44 
20.06 
19.91 
21.52 


Edlbla  portioo. 


SntrlesK. 


peret. 

1.90 

0.34 

25.12 

0.17 

16.03 

16.82 

15.70 

8.68 

4.06 


pcrct. 
6.41 
1.62 
2.59 
1.63 
2.06 
1.63 
1.32 
1.30 
1.69 


peroL 

84.75 
46.42 
56.99 
27.44 
50.62 
65.46 
38.12 
31.82 
27.26 


perot 

15.26 
53.68 
43.01 
72.66 
49.38 
34.66 
61.88 
S8.18 
72.74 


i 


S 


Cilor. 

1,465 

410 

1,410 

445 

1,015 

1,345 

1,036 

735 

670 


pnot. 

2.88 
23.04 
10.40 

2.06 
12.96 
11.66 

1.04 

1.93 


Fish. 


Oj**™ 

<^Mer  liquor. 

Canned  ojaleia 

Long  clams. 

Long  clams  canned  .. 

Bound  clams 

Bound  clanu  canned. 

Unaaels 

Scallopa 

LobaUr 

Lobeter  canned 

Crab 

Cnb  canned 

Shrimp  (canned) ... 
Terrapin 


9.78 
1.48 
7.41 
14.55 
17.73 
11.59 
16.70 
12.51 
14.75 
14.49 
18.13 
16.64 
15.80 
25.38 
21  23 
Green' tnrtle 119.84 


2.05 
0.03 

2,07 
1.79 
2.89 
0.74 
1.27 
1.67 
0.17 
1.84 
1.07 
1.96 
1.65 
1.00 
3.47 


n 


5.89 
0.75 
3.95 
2.94 
1.69 
7.21 
4.14 
6.42 
3.38 


1.98 
2.13 
1.31 
2.76 
3.16 
2.22 
2.33 
1.73 
1.38 
1.71 
2.47 
3.13 
1.94 
2.58 
1.02 
1.20 


19.70 
4.39 
14.74 
22.04 
25.37 
21.76 
24.44 
21.33 
19.68 


80.30 
9.5.61 

8.'>.26 
77.96 
74.63 
78.24 
78.56 
78.67 
80.32 


From  the  tables  of  analyses  contnined  in  Bulletin  Xo.  28  mcnttoocd 
on  pngi'  '213  tbc  following  figures  have  heen  taken  : 


Vtrioij. 


Alewifc , 

BuK  Bladt.- 

Bm>,  Red 

Bam,  Sva 

BuKs  ^Iriped ..., 

Biacfi.h , 

ItnUeriUh 

Cod 

Cunk „ 

Eel 

FlonDder 

HMldoek , 

Hake. 

HtUbut..„ 

Herring 

KiiiKllin 

Miickcn-I  .„ .,,.,. 

Mutkdlitnm 

Pwiii,  wiiii*. 

Pereli.  Yellow. , 

Rckervl , 

PollcK-k  , 

Pumpiuio 

Red  tniipp^r 

Sal  moo. •••... ,.. 

Shml 

8faiut  for. „ 

Sh«(ip*lii-itd  „ 

SmdL 

Spuiith  Mackerel 

Tro.li. , 

S.ilmati  trout 

TiirUii , 

Wmkllth , 

WhilpMi , 

Uilined  Salmon.... „■.. I 

Sardine* _.,„ 

Caviar« 

Frog*'  leim._ 

CUim 

little  Nnrk  CImHm-..' 

(^b* 

LobsWr 

Ojiten 

ScalloiM. 

Shrliiiiiii „ 

HlUBcJl  

SkhCod  fBomlea)..., 
Smoked  Iln'M'Kik....... 

Smoked  Ilntiliiit- 

Smoked  Herring. 

EUtMiKkcrtl 


ID.S 

20.4 
16.7 
18.8 
18L3 
1».0 
17.8 

iiv.a 

18.3 
13.S 
16l8 
16.2 
18.4 
18.0 
18.7 
I8.S 
!».« 
l».l 
l*L7 
18.C 
21.7 
16.7 
10.  S 
21.3 
IS.  6 
20.9 
19.  S 
17.3 
21.0 
18.9 
17.7 
12.9 
17.4 
23.1 
21.8 
22.4 
!IO.O 
1&.1 

9.6 

2.1 
16.6 
16.4 

6.2 
14.8 
ii.4 

«.7 
2G.7 
23.7 
20.0 
36.4 
17.  S 


4.9 

1.7 
0.5 
0.6 
2.8 
1.2 
Il.O 
0.4 
a2 
9.1 
0.6 
0.3 
0.7 
ft.2 
7.1 

a9 

7.1 
SLS 
10 

o.s 

0.S 

0.8 

7.5 

1.0 

12.8 

9.5 

3.8 

3.7 

1.8 

9.4 

2.1 

10.3 

14.4 

2,4 

6.5 

12.1 

IRT 

19.7 

0.3 

1.0 

0.4 

2.0 

l.S 

1.2 

O.I 

1.0 

1.1 

0.3 

0.2 

1S,0 

18.8 

S6.4 


2.6 


7.8 

2.0 
4.2 
1.2 
0.4 
8.7 
3.4 
0.2 
41 


!.S 
1.3 

i!s 

1.4 
1.2 
1.3 
1.2 
1.2 
O.O 
1.0 
1.3 
1.2 
1.0 
1.0 
1.5 
1.2 
1.2 

i.n 

1.2 
1-2 
I.I 
1.5 
1.0 
1.3 
1.4 
1.3 
1.6 
1.2 
1.7 
1.5 
1.2 
1.2 
1.3 
1.2 
1.G 
2.6 
5.6 
4.6 
1.0 
2.0 
2.7 
3.1 
2.2 
2.0 
1.4 
2.8 
1.9 
19.0 
3.6 
1$.0 
1S.2 
12.9 


3 


25.60 
23.30 
111.40 
20.70 
22.30 
21.  M 
30.00 
17.40 
18.00 
as.  40 

15.90 
1*1.30 
16.90 
24.60 
■JT.ftO 
20.80 

26.  no 

23.70 
24.30 
20.70 
20.20 
24.00 
27.20 
21.60 
85.40 
29.40 
28.80 
34.40 
20.80 
31.00 
22-30 
29.20 
28.00 
21.00 
30.20 
36.50 
47.70 
61.90 
16.30 
14.20 
18.80 
S3.90 
20.80 
33.10 
19.70 
29.20 
1VR0 
46.00 
27.60 

■mfio 

65.40 
56.60 


74.40 
76.70 
81.60 
79.30 
77.70 
78.60 
70.00 
82.00 
82.  UO 
71.00 
84.20 
81.70 
83.10 
TS.40 
72.60 
70.20 
73.40 
70.30 
75.70 
70.30 
79.80 
70.00 
72:30 
78.50 
64.00 
70.00 
71.20 
7ft.l'.0 
79.20 
68.10 
77.80 
70.80 
71.40 
70.00 
60.80 
63.60 
52.30 
3«.li) 
88.70 
85.80 
86.20 
77.10 
70.29 
86.00 
80.30 
70.80 
84.20 

de.oo 

72.60 
40.40 
34.00 
43.40 


fiTO 
456 

836 
390 
466 
410 
800 

a» 

32ft 
730 
180 

asft 

SI6 
566 
MO 
XOO 
M& 
480 
530 
380 
370 
•13ft 
««ft 
410 
960 
760 
600 
530 
40ft 
706 
446 
76S 
886 
430 
70O 
915 
1280 
1630 
296 
240 
ZIS 
416 
890 
23S 
316 
620 
28S 
490 
440 
1020 
1356 
143ft 


MEAT  a.Yi)  FtSlI  ASr/  rAHA.flTIC  DISKASK.  39 

Meat  and  Tlsb  asd  Parasitic  Disease. 

Muti  U  «iil>}cct  to  Bcveml  par&sitk'  trutilih-n  iluv  to  tbe  inge9tioD  of 
infmitl  meat  and  GiOi.  Of  tiii»e  the  moNt  coniinuii  is  Uitr  t»|>cworm 
of  wlii<-l)  at  ien»l  U-ii  specicB  arc  known,  Uioiigh  nnly  three  hnve  been 
(li-inun^lratcd  as  having  any  connection  with  fiMxl.  Thtsi-  are  tho 
Tsnia  saginata  (T.  mvdiocanollnui)  dtie  to  measly  beef,  Twnia  solium 
fniRi  nimSy  pork,  and  Botbriocjephalus  latus  due  to  inf«ste<!  -tturgcon, 
juke,  perch,  and  rnlcnnn.  The  liittcr  in  very  rare  in  thti*  coiinlry 
ihoiijHi  not  anoomtnon  along  the  nuliic.  This  w  the  only  panudtic 
worm  of  the  tar^  niiintK-r  whirli  iiifi^t  tisli  known  to  be  conveyed  to 
man.     It  tit  very  quickly  killed  if  tbe  6sh  ia  properly  oooked. 

The  larval  forms  of  the  T.  iiaginata  and  T.  ttolinni  exiet  in  beef  and 
pork  r(9i{H-<-tively  as  tlie  Cysticercus  bovisand  C.  wllulosic.  The  lat- 
ter is  Iband  rarely  ahw  in  mutton.  Meats  infetited  with  thcec  forms 
mra  known  att  "  measly  "  or  "  mensled,"  and  the  »niniiili«  from  which 
tbe  meatfi  ar«  derived  are  known  as  the  intermediate  hosts,  man  being 
Uie  final  host.  Ttic  life  history  of  the  tapuworm  is  much  more  «intple 
than  tliat  of  many  other  para^tes.  Beginning  with  the  a<hilt  tape- 
worm in  nmn  the  cycle  is  us  follows  :  Kmm  ciich  individual  segment 
whicli  is  |K)esc«scd  of  a  complete  rcprotluctivc  system  great  nmubcrs  of 
eggs  are  discharged.  Tlte  latter  are  ex{H-lIcd  from  (he  intestine  with 
tbe  feces,  and  some  of  them  may  eventually  enter  tbe  digestive  tract  of 
eatlle  or  swine  ihmngh  the  foodor  wnu-r.  In  the  intestine  the  embryos 
become  liberati'd  from  ihccfipi.  and  they  then  make  their  wiiy  in  large 
pumhere  to  the  muscular  ii»u<ue.t,  brain,  liver,  and  other  parts  where  ^^ 
Ib^oonie  to  rc^  and  develop  lu  bladder  worraa  ^^ 

Tbe  hhiddcra  are  variable  in  size,  the  amidlcst  being  about  ^  inch,  ^M 
■od  the  largest  about  f  inch  acroA*.  and  iu  the  flesh  an-  emtx-ddtsl  !>&•  ^M 
tween  tJie  museiiLir  fiben.  The  living  animal  nhows  nothing  in  bis 
>ppeMane«  to  indicate  the  prest-nce  ui'  the  piinisite,  excepting  when  the 
Bla  call  be  seen  in  the  under  side  of  the  tongue  or  between  the  tongue 
*  tlie  lower  jaw.  If  now  tiic  animal  it  shiughtered  and  the  meat  is 
D  raw  or  im)K-rfectly  cooked,  tbe  Cysticercus  is  freed  from  its  en- 
Teloptag  capsule  and  pnioeed.s  to  develop  into  an  adult  tapeworm,  and 
the  eyele  is  complete.  The  Cysticercus  bovis  dies  within  two  or  tliri-e 
weekfl  after  the  alaughter  of  it*  host,  and,  tlierefore,  measled  Wef  kept 
for  tlinw  weeks  in  cold  stomge  Iwcomes  incapable  of  prndiicing  hiirniful 
effeela.  It  is  killed  within  li4  hours  by  pickling  solutiims  of  wmimon 
wit  when  brought  into  intimate  contact. 

The  Cj-stieer<ni«  ccllulosie  lives  mthir  longer  in  cold  storage  :  prob- 
aldy  a  month  or  more.  Bcith  of  these  larvw  arc  killed  by  eximsure 
to  a  temiK-ratun:  of  141)"  F.  for  five  miniiUvi,and  as  this  is  lower  tlian 
the  ten)]M.-niture  in  the  interior  of  well-ciK>ked  meal  it  is  ncceswiry  only 
lo  make  sure  that  the  meat  i?  pmpcrly  cooked  to  e«ea|)c  dungiT, 
Keither  {mrafiite  is  destroyett  by  ordinary  smoking  or  salting,  but  both 
■re  killed  by  hot  smoking. 

Tbe  sale  of  measled  meat  is  permitted  in  many  oountries  of  Europe 
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but  it  miut  I)G  sold  vm  siicli  aud  uiily  id  Bp«cinlly  <li:«i};iiated  places 
findfl  a  ready  nmrket  at  a  low  price,  and  the  piircliasurs  nrv  wurn«d 
tliat  it  niiwt  l)e  thoroiiKlily  t^ookcd,  Actwniinj;  to  Vircliow,  tiiuce  the 
introduction  of  svfltematic  meat  inspection  the  prnportioii  of  ti»]wwynn 
in  th<!  htiinaii  siihject  di)tM!Cle<l  in  Berlin  has  fallen  from  1  in  31  to 
1  in  280. 

A  parasite  of  far  greater  iiiiporlance  is  the  Trichina  spiruliB  which 
is  found  nlmoet  exclusively  in  pork  and  only  ocnu<ioniilly  in  the  fl«)lt| 
of  other  mammals  and  of  bii-dn  and  frogs.     Trichime  are  smidl  thrt^adi 
like  worms,  much  longer  than  one  would  suppow  on  passing  examina- 
tion of  fairly  thick  microscopic  preparations  since  they  are  coilcii  with 
»everiil  tuniM  uithiii  the  minutv  cy»ls  in  which  iheynre  lodged.     In 
Plate  I.,  Fig.  1  is  shnwu  one  of  tlie  parasites  in  the  free  stitte.      lu  tli^ 
pig  the  worm  infect.-*  I»<ith  the  fiit  and  the  voluutary  muscles  hut  chieflfl 
the  latter  and  especially  the  dinphriij^ni,  the  intercostjd*,  nud  liie  mu»- 
cles  of  the  jaw.     When  eiimpsu  luted  in  the  flesh  their  location  maybe 
evident  to  the  nuked  *ye  as  small  white  specks.     Thin  tiections  of 
muscles  treated  a  few  minutes  in  weak  caustic  [wtash  solution  (1:10) 
are  noon  made  sufficiently  clear  to  reveal  the  coiIe«l  worm  nnder  a  lens  of 
low  power.     If  very  much  fat  is  present  or  if  the  capsule  has  become 
oalcart-ouHand  thick  it  may  be  necessary  to  employ  ellifr  or  aoetioaad 
before  applying  the  potash.     When  the  para.<!ites  are  very  nnmeroufl 
the  flesh  is  botli  sjieekled  and  juile.  ^ 

Unr  first  knowledge  of  the  serious  effects  which  may  result  front 
eating  infested  pork  datej*  Imck  only  to  ISfiO,  although  thei>ara?ite  had 
been  discovered  in  the  muscles  of  a  human  subject  by  James  Paget  in 
1833  and  named  by  Riehard  Owen.  It  was  long  regarded  as  a  hartH 
less  para.sit«  and  cnrinsity,  and  its  effecla  were  mistaken  for  rhcums^- 
tiBm,  typhoid  fever,  and  other  diseases  of  common  occurrence.  The 
case  which  finally  nvcalcd  its  cnpncity  for  harm  was  that  of  a  young 
woman  adiuitt4:-<l  to  the  hospital  at  Dresden  suffering,  it  was  supposed^ 
from  typhoid  fever.  m 

In  a  short  time  a  train  of  symptoms  quite  unlike  those  of  that  dit-' 
cuso  appeared,  tlie  most  marked  one  being  most  acule  (lain  involving 
the  entire  muscular  system,  and   iutenisificd  on  attempting  to  move. 
On  iiccount  of  the  agony  induced  extejision  of  the  arms  and  lees  was 

![uite  im|X)ssihle.  In  a  nhort  time  pnenmouin  inuitervcned,  and  in  a 
ew  days  the  vietim  died.  The  autopsy  revealed  the  parasite  in  vast 
numbers  in  tlie  muscles,  and  tliis  led  to  further  investigation  which 
showefl  that  four  tliiys  before  the  first  symptoms  of  illncsa  apiK^rcd  she 
had  eaten  freshly  killed  pork.  Some  of  this  was  secured  in  the  form 
of  ham  and  sausage,  and  exumitiation  demonstrated  the  presence  of  the 
parasite. 

The  first  extensive  outbreak  which  ennscd  tiio  diifcase  to  be  looked 
upon  ti»  one  of  greiil  im|K>rtance  occurred  in  Prussia  in  IHUA,  when 
more  than  20  iiersons  died  witliin  a  mouth  after  a  iliTiiieriii  wliieh  i03 
hud  partid|Mit'K),  an(]  ut  which  smoked  sausages  made  from  an  infested 
pig  had  been  served.     The  parasiteit  were  discovered  in  the  muscles 
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of  thoae  who  died,  and  in  the  satuagea  that  remainfil.  Since  tliut 
time  it  tiu  been  outibimvy  in  mwt  lat]gc  slnughlering  vstabliahmenbi 
to  exwnlDe  pork  for  evidence  of  the  parasite  hc-fon?  juu^.tiiig  it  an  til  for 
Ibod.  Rut  exzuniiutlioR  i.-^  not  iilvrikv:i  t\  Sitliyii.ird  ovt-n  in  countries 
wlicre  it  ia  most  carcltilly  observed.  In  (tcrm.iny.  for  instance,  whi-n; 
aU  meat&  are  (iuppoaed  to  be  examined  with  aenipuloiis  can',  particu- 
larly tlwoc  from  the  United  Stato*,  Uie  disease  is  \Try  CT)niinon. 

Id  1H8.),  on  account  of  the  alle;^  dangers  which  lurked  in  Amer- 
ican tnenti,  im[»ortaliou  uiis  inu-rdicu-d  for  n  time,  but  in  the  DucoeeiU 
ing  \a  yeare  there  wen?  in  Pnissia  alone  3,01)3  vases  and  *>'>7  tlealhs 
not  one  of  which  could  be  traced  to  Americnn  meat  cither  Mltc<], 
pickled,  canned,  or  made  into  smoked  sausages,  0\-cr  40  per  cent. 
oftiie  fa»f*  were  lnio"d  ii>  Hurii]>i-an  meat  which  had  been  |kaHBed  as 
fne  from  trichiuie,  and  the  balance  were  due  to  Euro|K-un  uieut  which 
bad  been  found  to  coutain  the  |iara)ute,  luit  had  m-verlhelew)  been 
handled  by  the  trade.  During  IdHS  the  parasites  were  found  by  tite 
iaioroeoo[n*ta  of  the  U.  S.  I)e|tartment  of  Agriculture  in  13,325  out 
of  1^881,309  spedmens  of  pork  examined. 

In  spite  of  the  lianger  of  eating  tricbinous  meat  there  are  tlioee  who 
arc  not  deterrMl  by  fi-ar  from  enting  it.  In  Oi-rmnny,  for  insianee,  it 
has  hiippeoed  a  number  of  times  that  hogs  which  have  been  condemned 
and  ordered  buried  by  the  MUiiiary  nuthoritic^  have  been  dug  up  sur- 
reptitiously and  eaten.' 

Trichinosis  bears  certain  resemblances  to  typhoid  and  to  acute  tu- 
hercul<Mt«,  but  in  addition  is  accompanied  by  (edcniti  and  intense  pain. 
It  arises  from  eating  the  infealed  meat  in  a  ntw  or  not  well  cooked 
cowlitioa.  The  tnehina-  arc  killed  by  n  heat  of  165"  F.  if  Uiey  are 
not  encapsulated  ;  otherwise  by  a  tem[>eralure  of  l.'iS  to  160°, 

They  are  not  affected  by  intcn.'<e  cvlil  or  liy  putrefactive  prooessea 
or  by  ordinari'  smoking,  but  are  killed  by  long  pickling. 

The  first  symptoma  appear  in  a  few  dnyn  after  ingeijtion,  and  indi- 
cate irritation  of  the  alimentary  canal.  These  are  followed  by  febrile 
mnptoms  and  intense  muscular  pains.  Death  may  oceur  within  a 
few  weeks.  In  caw  of  recover^'  the  puntsitcs  become  encysted  and 
then  arc  incaguihle  of  producing  further  injury-  to  tijeir  hott. 

Tlie  miuincr  in  whicli  tliey  produce  tlicir  cffbrtj*  is  as  fbllowa  :  When 
tlic  infested  meal  reaches  the  stomach  the  digcHlive  juices  di-iHolve  the 
oajMule  and  (lie  pnraitile  \»  thus  left  in  a  free  i-mte.  In  the  intestine 
it  lindt  cunililions  favorable  to  its  growth,  and  in  n  few  days'  time  it 
grows  ao  hirge  that  it  can  tie  r>een  with  the  naked  eye  and  appears  like 
a  \A*ce  of  Hue  thread. 

The  female  paratiit^  wheu  fully  mature  begin  to  produce  young, 
each  to  Ilic  psli'iii  «f  upwards  of  500.  These  hcj;in  nt  once  a  migra- 
tion ilirougti  the  walls  of  the  intestine  and  find  lli<-ir  way  to  nil  jurta 
of  liie  body,  and  it  i^  during  this  sUgc  that  the  fever  and  intense  pain 
are  caused. 

■Par*!)  HomnMoftucliuaue  consult  Zoiuclirift fur  t'luUch*  un']  Milcblijrgieno 
19»,  VIL,  p.  104. 
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Id  Plate  t.,  Fig.  2,  and  Plate  II.,  Vig.  1,  are  seen  thin  sections  < 
mtittcio  from  ii  huniitri  iiut>ject,  u  victim  of  the  distuse,  ttliowiiif;  llie 
worm  coiled  up  and  tJio  thickened  oap^ule  formed  about  it.  In  Plate 
II-,  Fif;.  2,  it  may  be  «(^u  within  tliL-  nuisclf  of  an  infi;«t«d  pig. 

The  aheep  disease  which  iw  known  as  rot,  which  term,  it  mu&t  be 
•aid,  lit  iimmI  to  indmk*  a  larfjo  number  of  abnormal  condiiioiH,  bat 
which  in  its  strict  application  means  a  parasitic  di^ase  of  the  liver,  is 
believed  by  many  to  hi-  of  .-tiiHIoiiMit  importance  (o  warrant  the  eon- 
dcmnation  of  the  flesh  of  the  animal,  but  the  scientific  evidence  on  this 
point  is  to  the  etfeel  that  no  po«tible  harm  ean  come  to  tlie  consumer 
even  though  the  liver  itself  be  oaten.  The  puramtc  iufi«ts  not  nionc 
aheep  but  cattle  as  well,  and  in  known  as  the  fluke.  Of  the  many 
varieties  of  tluke*  tbcix-  arc  but  two  known  in  the  United  Stales  ;  these 
are  the  common  liver  rtuke  (leberwnrm,  lelwregel,  schufegel,  douve 
h<^[intiijiK-)  anil  the  lurj^-  American  fluke.  The  former  intesta  cattle 
and  sheep  ;  the  latter,  only  cattle. 

The  iifrt  history  of  the  worm  in  exo(*dinnIy  complicated  and  is  as 
follows:  The  adult  or  hennapbroditic  worm,  fertilizes  itself  iu  tiM 
biliary  passages  of  the  liver,  and  produces  an  extwiedinKly  large  num- 
ber of  iiKJT?,  which  pass  to  the  intestine  of  the  host  with  tite  bile,  and 
are  expelled  in  the  feces.  Such  of  the  eggs  as  eventually  reach  water 
give  rise  after  n  lonfjer  or  shorter  period  according  to  temperalnr*.  to 
a  ciliated  embryo,  which  on  its  escape  from  the  egg  becomes  a  fit* 
Hwimmiiig  ciliated  miritcidium,  and  ent<>rM  the  body  of  certain  sjiecies 
of  T'naiU,  where  it  comes  to  rest.  Here  the  organism  grows,  and  after 
a  time  certain  germ  cells  in  its  [Kisti^rior  portion  develop  a  still  differ- 
ent form  of  life,  the  riditc.  These  wander  to  the  host's  liver  and  in> 
crease  in  size,  and  in  turn  develop  from  their  germ  cells  the  next  geo- 
eration  which  arc  callcii  ••crtyu-iic.  These  leave  the  b<Kly  of  the  snail 
and  swim  a)>out  in  the  water,  and  some  l>ecome  attnchcil  to  blades  of 
gnt.-«i  when;  they  form  enveloping  cysts  and  undergo  some  anatoin- 
ioal  changes.  I 

For  their  next  stage  it  is  necessary  that  they  be  received  into  thi 
stomach  of  *f>rac  Iicrbivorous  animal  by  which  tiK-y  will  be  swallowed 
with  the  grass.  On  reaching  the  stomach  the  eyals  are  destroyed  and 
the  pamfiti^Ts  wander  to  the  liver  and  l>ceome  adult  henwiphnkiiles, 
thus  completing  the  cycle.  Oocasioually  they  wander  to  the  lungs 
and  other  p-ans  of  the  body.  In  the  liver,  the  parasites  attach  them- 
selvt»  to  the  walls  of  the  bile  ducts  which  may  become  eoinplotcly 
blocked,  and  they  eaase  the  breaking-down  of  the  snrrounding  tissues 
and  gx-nenil  symfvfoms  due  to  strnetunil  chiingvs.  The  parasite  uinnot 
be  tfansmittcd  dinctly  from  animal  to  man  since  it  requires  an  inter- 
me«)ialo  hi»t,and  in  tiw  singe  preceding  its  final  de\'clo|Hnent  it  is  noi 
attAcIied  to  material  constituting  human  food.  There  are,  to  be  sure, 
■ome  instance^  of  the  disea-se  in  man,  though  not  by  dinvt  trauMnts- 
sion  frvm  incut.  Tltc  coitdition  cauM^l  by  flukes  is  known  \'ariously 
as  rot,  liver  rot,  fluke  disease,  iind  distoniatosis. 


Trlohinot  in   Human  Mu»ol«.    Ix  7B.> 


Trioblnse  in  PiQ  Muscle,    (x  70.) 


TiLtssinssroy  op  diseasr  by  meat  Ayr*  fish. 
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liri^  pailiojl^nic  budei-ia  in  dis('»»f(I  nicnt  nnd  fisli  ninv  gatii  ao- 
ow  to  die  stomach  in  limited  numbers  and  bc^t  no  di^a.4e.  If  \\\ej 
wtMittimyrA  \>y  tlw  psstric  jui«r  i\wy  Imvi-  lo  <xnilciid  witli  iny- 
RMb  sf  organisms  normal  to  the  int«atinea,  and  it  is  ouly  when  the 
toadilioiu  nt  such  m  to  &vor  cxtviwivc  mtilttpUcation  tliat  tlii^y  are 
likclr  to  produce  harmfiil  DfT^U.  Pathi^ns  in  meat  that  is  thor- 
ncUf  cnr>|((il  aro  killi-ii  l»y  the  liwit  to  whir-h  th<ty  aiv  Hnlye(!t<>d. 

It  IK  well  kiKitvn  tliat  the  stonmch  b:is  a  wondorful  protective  power 
is  iti  ovu  natural  I'unclioa^,  since  certain  violent  organic;  poisons  may 
l»  Dikfn  into  the  stomach  mthout  injury,  vhilo  if  the  same  nri>  iutro- 
dwd  ioto  ti)e  Hrotilatinn  tho  n-jiutt.4  are  fatal ;  tliiLi  the  venom  of  poi- 
■BOUMrpente  is  iligt^lcd  and  raiiAv  hnrmlnis  by  the  stomacli  jiiiiTS. 
AaiHtaiKe  of  the  immuniiy  conferred  by  cooking  or  by  the  process 
*f  digt«tiou  or  by  both  tu};cther,  antt  of  the  fittul  result  of  the  aihnin- 
«n  orf"  the  harmful  element  of  the  same  meat  to  the  system  through 
ataUMl  afimniiin*  14  pvrn  by   I^irdior.' 

A  mtr  (lied  suddenly  of  anthrax  aod  was  dressed  for  food.  The 
■Mms  eatra  by  a  large  mmiber  of  peo])lo,  none  of  whom  sufiVrcd 
tke  lUghtutt  inconvcaionce  or  injury.  A  nuiiilx:r  of  cats,  however, 
vUck  ate  some  of  the  wa.<tte  matters  and  licked  up  the  blood  died  with 
■atiQildeaiicw.  A  vr(im.^u  who  bought  the  heiiil  anil  wounded  hcivelf 
■  ll»  pfooees  of  cutting  it  up  had  a  charbon  at  the  jilacc  of  injury  and 
4W.  Two  men  who  Iteljwd  «kin  thv  wow  lui<i  churbon,  but  n-covored. 
A  cairbeloo^n;;  to  one  of  tlicse  two  die<1  of  anthrax,  and  another  man 
MMving  (he  skin  cut  himself  and  died.  The  .-skin  of  tho  original 
■aiiul  mw  whl  and  the  purt-haser  put  it  iu  a  pitied  on  \\k  farm.  Stme 
fa»  liter  one  of  his  cows  died  suddenly,  and  thu  man  who  dressed  the 
■RSB  voiindiMl  himH-lf  during  the  process,  acquireil  a  charbon  and 
fct  How  much  fanlier  this  series  of  fatalilien  might  have  extended 
•KDot  be  known,  since  the  authorities  twjk  steps  in  the  matter  nod 
pm»at"d  further  fiitiilitic«. 

MuT  instances  are  known  in  which  the  tiesh  of  cattle  d<«d  of  infeo- 
■wdiwnse  tuu  tMfn  eaten  with  perfect  impunity.  Puring  the  siege 
^  Piri!,  for  example,  when  the  RkhI  supply  wai  exceedingly  limited 
»  unnoiil,  no  one  |mid  Uie  slightest  attention  to  the  condition  of  meat 
•■  nqicet  to  disease,  even  glandererl  horses  finding  n  ready  market, 
^M&rM  is  known  no  ill  effect*  resulted. 

Utnr  years  ago  when  the  rindrrpfiif  was  very  pn-valent  in  Bohemia, 
•ie  diswrd  catltie  were  killed  and  buricil  by  order  of  the  government, 
^th«  poorvr  class  dug  up  tJie  curcaases  and  cooked  unci  iiti'  them 
*<thm>  laSering  any  evil  njni<eqnence!(. 

Dnriiii;  the  prevalence  of  the  same  disease  in  England  in  the  early 
totia,  ihe  meat  from  the  diwased  animals  in  nil  stages  of  the  distem- 
^  WM  fnai  in  em>niious  t^iinntitiiM  to  the  market  and  sold  and  eaten 
vitbont  evil  effect*.    A  similar  immunitv  luw  often  been  noticed  afV-r  the 
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coiisiimptioD  of  the  oarcaKses  of  animals  dying  from  acute  plewo-jmtu- 
monia.  In  ordinary  oasts*  of  ihix  rlisiiuc  wliic-h  in  pcciilittr  to  b«ef  cat- 
tle, the  effects  uiv  localized  in  the  lun)^.  SometimeH  in  very  pro- 
noun(!ed  ca^eei  tho  fle^  U  ult^rt^  in  a|i[>uHmiioo,  Iteooming  dark  and 
discolored  and  it  is  ali^o  moist  and  flabby.  It  is  believed  that  ttte  meat 
is  perfectly  good  to  eat  if  it  possi'sses  a  nornini  apixiaraiioo.  The  meat 
iu  ritidcrpi^'.'st  undvr^cs  no  marked  change  in  appeuranco,  excepting 
in  advanced  caeea  when  it  is  dark  in  color  and  flabby  and  of  dis^rec^ 
able  odor.  f 

In  ordinary  cases  o(  foot  aiul  inouili  dUm»e,  it  apjiears  tliat  the  car- 
CAM  U  perfectly  giK>d  li>  oat,  but  in  vxc^'ptional  cases,  when  tlie  uuiniEl^ 
hail  Huflered  for  a  long  time,  the  flealt  may  be  so  deteriorated  as  to  bfl 
uudcmrable.     Ah  a  rule,  nlthoiigh  the  dii^easc  ie  very  infections,  \r 
coiinw  is  mild  and  interferes  only  slightly,  if  at  all,  with  the  condition 
of  the   meat  which  generally  cannot  be  distingnitthed   from  that  of 
heailliy  animiilH. 

Attbougb  many  instancen  are  known  that  show  that  tlte  meat  of 
animals  suffering  with  aiitfirax  may  be  eaten  without  injury,  it  i«  the 
unanimous  opinion  of  those  who  have  given  the  matter  attenti<m  that 
no  matter  bow  good  the  nirat  muy  appear  it  should  be  enndemncd  and 
destroyed.  If  the  meat  is  well  cooked  accidents  are  rare,  hut  many 
oases  of  fatal  injury  involving  a  large  number  of  victims  have  been 
traced  to  the  use  of  such  meat,  presumably  not  thoroughly  oook«d. 
In  spite  of  tJje  protection  conferred  by  cooking  there  is  such  an  ele- 
ment of  diiuger  even  in  the  handling  of  the  meat  that  its  u»e  slmuld 
be  discouraged  and  forbidden.  In  Scotland  it  is  a  common  practioe 
with  the  farm  laboront  and  other  poor  to  eat  the  meat  of  abeep  which 
have  died  of  acute  inflammatory  diseases,  even  of  anihrux.  The  car- 
caaa  of  an  animal  dying  of  dlst-iLse  i»  tlie  perquisite  of  tlie  herdsman 
and  is  almost  invariably  eaten  after  being  salted.  No  precaution  ia 
taken  except  to  cut  away  the  darker  jmrtions  of  the  meat  whiok 
show  stagnation  of  the  blood.  Occnsionally,  Rerious  consoquenca 
due  either  to  imperfect  cooking  or  (o  insufficient  salting  result  from  M 
consumption.  f 

It  is  generally  held  tliat  the  flesh  of  animals  tliat  have  died  fron 
ac^iNomycon'jt,  pttn-pencl  j'n-fr,  "  atrati^ia,"  hoy  ofuilera,  and  •'keep  «eab 
la  quite  unlit  for  human  food,  I 

The  cattle  disease  most  commonly  known  in  thia  country,  if  am 
elsewhere,  is  luhrmUmls,  anil  concerning  the  advisiibility  of  using  tlw 
flesh  of  its  victims  there  is  much  difference  of  opinion  here  and  abr 
The  disease  is  more  common  in  cuws,  especially  those  kept  in  confini 
meat,  than  in  steers  and  oxeu.  It  is  almost  an  unknown  disease 
the  great  herds  roiiiiiing  the  wcntcrn  plains.  In  Berlin  in  1802— 93 
15.1  per  cent,  of  all  cattle,  I. ,55  per  cent,  of  swine,  0.1 1  per  cent, 
calves  and  0.004  per  cent,  of  .ihoep  slaughtcriHl  -ibowed  some  eviden( 
of  the  exislcncv  of  the  diseiise.  In  Copenhagen  in  the  ycani  189( 
the  figures  were  somewhat  higher  than  those  of  Berlin  excepting  ia  the 
oa*c  of  sheep.     They  were  as  follows  :   17.7  per  cent,  of  catue,  1&.S 
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ter  cent,  of  swine,  0.2  per  oent.  of  calves,  and  only  out  e)u!«p  out  of 

.17,014.     At  tlie  ahaitoir*  of  l^ipxip,  in   l^DT.'nearly  hiilf  of  the 

JMws  and  nboilt  20  |ht  «nt.  of  tUv  otlicr  cattle  wore  fimnd  to  be  tuber- 

pukius ;  2,7H  jier  cent,  of  Bwine,  O.'i  jwr  wiit.  ul'  calvw,  itnd  8  aliepp 

»al  of  49,559. 

Out  of  over  8,000  beeves  of  American  origin  liin<1ed,  elungbtered, 
ind  examined  nt  Hamburg,  4  were  found  to  btr  tuberculous,  while  of 
tbe  same  ounil>er  of  luitivc  iinimida,  (i40,  or  I'iO  time!*  w<  many,  were 
found  to  \k  HMicti.ll  willi  tin-  diM-iwe.  At  (his  liiiw?  the  German  pre^i 
bad  been  carrying  on  one  of  its  periodJatl  ngitnlions  against  the  iingwr- 
Uuion  of  Antcrican  Im-f  tnttle  on  oovount  of  the  dangers  to  wliich  na- 
tive bn-nls  were  thcrtby  subjected. 

In  Mexico abwit  one-third  of  tiie  beeves  slauglitered  are  tuhemulou*. 
In  the  State  of  New  York,  it  i»  wii<l  by  veterinnrinne  thnt  in  winie  dis- 
tricts in  which  the  herds  are  mainly  of  the  hardy  grades  of  the  Ayr- 
sliire,  Holstvin,  and  Short-lioni  fnniilioi>,  about  I  per  cent,  of  the  cows, 
Bud  in  others  where  Jerseys  and  GiK-rnscys  are  more  common,  ubotit 
S  to  't  piT  imi.  iirt'  Itilx-rculouif.  In  A[asMiehiL-iGlth,  thow  in  a  [xisitinn 
to  be  bctst  informed  i-tate  that  among  cows  the  disease  is  much  niort- 
frequent  tlian  in  New  York,  but  tlkat  it  is  mrc-ly  to  be  found  in  calves, 
Bte«n,  and  oxen. 

The  organs  involved  most  frequently  in  tuberculosis  of  animals  are 
the  liver,  luiiga,  kidnvys,  bniin,  ami  luhler.  Tlic  mtinck'S  tliem.-selve* 
•re  very  rarely  affected  although  the  bucilU  have  been  found  in  the 
expressed  jiiioe. 

I      CVtivea  bom  of  tuberculous  cows  are  genemlly  ijuitc  free  from  the 

miriMirr,  and  when  not  w  the  mother  lia8  in  almost  all  cases  tubercular 

endomeirilis.      MacFiivdeaD  reportt'd  a  case  of  uongenttjil  tubereiiliwis 

.  liefore  the  Palhnlugieal  Society  of  Ixindon  in  May,  18911,  in  which  the 

ilcsioas  were  of  tho  spleen,  liver,  and  kidnevH,  with  slight  involvement 

Itof  the  lungs  and  almost  universal  invasion  of  the  lymphatic  glands. 

Of  three  other  ea^WK  which  had  come  under  hi!<  observation  tiin<:e  1897, 

in  one  the  cow  had  tuberculosis  of  the  uterus,  in  another  the  disease 

was  limited   to  the  lung^,  and  in  the  third  no  information  un  to  the 

condition  of  the  mother  was  obtainable. 

At  wlial  stage  of  the  disease  meat  becnnies  unlit  for  food  is  a  quee- 
tion  over  which  there  is  much  controversy.  Kxtremists  on  the  one  side 
believe  in  <;ondemning  the  entire  careass  on  the  sHglit('--<t  evidence  of 
in  any  part  theretd',  while  those  on  t}ie  other  side  maintain  that 
lite  entire  animal  can  he  used  as  food  without  injury.  In  Kugland  the 
prsctioe  is  to  condemn  any  oarcasN  in  which  the  disease  tias  made  such 
extensive  progress  that  the  flesh  has  become  deteriorated.  The  Royal 
CommtMipu  on  Tuberculosis'  cnncludcd  that  nKiit  from  tulH'i-culous 
animals  may  be  consumed  with  impunity  if  sufficient  dlscrimiuution 
and  care  are  exercised  in  slaughtering  and  (ir<*»"ing.  Every  part  con- 
taining tulMTTcle  »lioidd  be  removed  and  destroyed,  and  tlic  whole  car- 
iif«lf  in  advanced  or  general  tuberoulosis. 
■The  V«(«riaar7  Journal  and  Aooal*  of  Cooipaniliro  Pal1iolog[y,  Jitn*.  1695. 
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The  Fr'iicIi  liiw  cxcludei*  ojircabtHs  witli  generslixed  tuberculosis 
tboBe  ill  which  local  lesions  have  iiivolvttl  llicr  ^{Tvutcr  [Kirt  ofnn  organ. 
The  »atiie  it*  (me  in  Austria.  In  [*ruA»iia,  the  nieut  in  held  to  be  unfit 
for  food  if  tho  animal  hiu>  begun  to  ifliow  enincintion,  but  'm  (n^Kcd  as 
lit  fur  hiiiiinti  <^outiUIn{)tion  if  the  diseai^e  occurs  odI)'  in  otie  organ,  and 
in  general  if  the  animal  is  wi-ll  nuunshed.  In  Helginm,  tho  law  of 
September  HO,  ]8i)5,  perniita  the  sale  of  meat  of  tuberculous  animaU 
after  BUTiiiwitrun, 

Meat  from  tuWrculouB  cattle  is  infcclivo  in  u  vurj'ing  and  i«>mewlint 
irn'giiliir  inimncr.  An  n  rult^  the  mare  advanced  the  dLiease  the  more 
likely  is  th(?  meat  to  be  tufeotive.  Exporiment  has  shovrD  that  inf«v 
tion  depends  not  upon  ihi-  lesions  present  in  the  miiaciilar  tissue  itself, 
but  rather  U|wn  cuntaminatlon  of  the  meiit  oitlKT  hy  tlu-  knlte,  hand», 
or  clothe  used  in  the  process  of  dressing,  which  have  been  in  contai 
with  tiibrrirnlous  miitlor.  Again,  tii)>erculouH  glands  arc  not  iiifi 
quently  lefl  in  the  carcass,  and  unless  tliese  arc  thoroughly  cooked  tin 
may  Im-  a  itourcc  of  danger. 

Lesions  in  the  ninsciilar  tissue  itself  arc  not  at  all  common  ami  caa< 
not  a(;count  for  the  [tnsitive  results  obtained  from  inoculation  or  in 
feeding  experiments,  yet  Kastner  obtained  positive  retiults  in  nine  out 
of  eleven  experiments  in  which  he  injected  the  expressed  juice  of  tlie 
meat  of  scvvn  tubcrrnloiis  anininU.  Nteiuhcil  lins  demcinHtrated  that 
the  disease  can  be  transmitted  to  guinea-pigs  by  the  expressed  juice  of 
meat  in  which  no  lulicrclcs  can  lie  delected.  Positive  reanlts  are  very 
readily  obtained  by  feeding  guinea-pigs,  t^wine,  and  other  animals  on 
tuberculous  lung  tissue  and  other  material,  but  in  these  cases  the 
Iwions  producetl  are  limited  as  a  rule  to  glandular  organs,  and  alinoat 
never  involve  tlie  muscular  tissues. 

While  there  i»  aliundant  evidence  that  tin-  disea.-M^  can  lie  trans- 
i]iitt«d  from  one  animal  to  another,  and  that  the  bacillus  of  the  humnn 
subject  is  fatal  to  many  of  the  lower  luiinials,  the  fact  remains  tha 
according  to  the  careful  researclies  of  Pi'ofc>«or  Theobald  Smitb  ikin 
otliers,  the  human  hacilliis  fails  tii  fhid  in  the  liovine  body  the  condi 
tious  neeC8sar^'  to  its  multiplication.  Whether  the  Inivine  biicillue  by 
reason  of  its  higher  pnthngenic  jwwer  may  ]miss  to  the  human  subject 
ia,  according  to  Smith,'  a  ipiestion  coneeming  which  we  have,  m  yet, 
no  definite  knowledge.  He  has  demousti'ated  that  the  Ixivine  and 
human  bacilli  present  fairly  proununwtl  diilerenivs  in  several  resjiects, 
but  concedes  that  from  the  clinical  evidence  at  hand  it  appears 
sible  that  bovine  luherculosii4  may  be  tnuiAimitted  to  children  wb 
very  large  numbers  of  bacilli  are  taken  into  tlic  system  in  milk 
cows  with  disease  of  the  udder. 

Whatever  danger  may  mi<]e  in  tuberculous  matter  is  diminished  by 
tliorough  conking,  since  thereby  the  bocilliLs  is  (juickly  killed.     Sincsi 
raw  meal  is  fiwiuently  iwi-d  as  food,  particularly  in  some  conditions  o! 
disease,  it  is  necessary  tliat  the  meat  so  used  shall  be  free  from  infeotivsi 
projiertiea. 

>  Jounul  of  Exporimpntnl  Medicine,  Vol.  3,  No*,  i  and  5. 
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Fi»li  are  oommonlj-  r^:ardc<I  an  incapable  of  bcoominR  infected  with 
taberculosis,  but  oiic  iuslanoi-  has  been  r<>or>n]cil  in  wbich  th<>  oonlrnry 
ha*  pttivwl  to  be  the  case.  Drs.  I>iibar,  Bataillon,  iind  Tonv  cnmmii- 
□  icatt^tl  to  ibc  Frcncii  Aaiiicniy  of  Medti'iiic  tbt-  details  of  iIiIm  tase 
wbicb  are  ut  tbllnws :  The  sputa  nn<l  <)i>!iehurKe8  of  a  womiiii  eiiHcriii^ 
from  advanced  tubcrculosiis  of  tbc  lung  and  <jf  tlio  intesline^  were 
regularlr  thrown  into  a  pond  in  which  isvrc-  large  numlierii  of  cnrp. 
AfU-r  a  liino  many  of  thr  fi»li  were  found  to  be  dead,  and  on  examina- 
tion tbeir  livers  and  other  oi^ns  were  found  to  be  full  of  tnlM-rcle 
baeilli.  Hudliir  (w\i  (f<i  exjH'rimvn tally  on  thU  and  similar  material 
became  tuberculous  within  a  few  weeks,  but  the  infc<rted  fish  were 
prox-ed  to  be  quite  devoid  of  imwcr  to  affw-l  warm-blooded  nninialtf, 
and,  tht-fx^^forc,  it  nppi-«r»  that  there  can  be  little  danger  from  the  con- 
MimptioD  of  lul>erculoiis  fish. 

The  danger  from  utlier  animal  diseases  will  Ik*  discussed  under  meat 
poisoning. 

Fo»d.-4  of  all  kinds  amy  l»o  inu<Ic  the  beurcni  of  infootion  to  man 
though  themselves  in  gnKnl  condition.  Particularly  is  this  notiee^ile 
uidi  regard  to  oyatera  which  havi-  mnny  tinier  lieeu  the  oarriont  of  ty- 
phoid fever  and  cholera.  As  long  ago  as  1880,  Sir  Charles  Cameron 
called  attention  to  the  poiuubility  of  the  <!xii<tenc)e  of  a  r^'lntion  between 
thecoDsumplion  of  sp(>ctliml[y  polluted  oi.'steni  and  typhoid  fever,  and 
in  isya  Sir  R.  Thornt-Thome,  in  a  rejiort  to  the  Locil  (invi-rnment 
Board  on  cbolent,  stat<-d  bis  Ix-lief  tlutt  lJ)i»  disi'tisc  hail  been  disseminated 
in  England  through  the  diiitrihiition  of  shellfish  from  jKilIuted  water*. 
In  1894  oa'urred  the  outbrtiuk  uf  typhoi<l  fever  among  tlic  students  of 
WesUyun  College  at  Middletown,  Conn.,  which  was  the  first  ca-ie  in 
wfatrh  the  canniil  n-liition  of  the  oyitters  whs  demo  rin  Ira  ted  l>ey'>iid  any 
dtmbt.  Tlte  students  who  ate  oysters  in  the  niw  state  were  the  only 
ones  affected,  tliose  who  ate  thf^n  (?ooke<l  Kufli-nng  not  at  all.  The 
oytteK  cofuumcd  had  bueii  Irunsfcrrol  from  their  original  bed  and 
(placed  in  a  current  of  frstih  water  whidi  ^va.'^  contaminated  by  domes- 
tic Kcwag<!  ciniliiining  the  ili?Mrliarges  of  »  number  of  patients  suSering 
with  tlie  dijiease. 

In  XAWy  the  Kn-nob  Acwlemy  of  Medicine  I'mk  ofTinal  notice  of  the 
OoDoeciion  between  infected  oysters  and  ty])hoid  fever,  and  came  to 
the  concluaiou  that  .su.tpected  oystcr«  may  be  made  wife  by  remoral 
for  Mvenil  days  to  pure  sea  water  awuy  from  all  possible  ehnnoc  of 
contauiiiuklion.  According  to  I>r.  Klein  thi-  pfrlnd  wbii-h  ^Imiild  elapse 
ia  at  lenat  sixteen  (hiys.  He  found  that  the  bacilli  in  typhnid-coa- 
taminated  oyetere  were  harbored  from  four  to  sixteen  days  after 
mnovtt)  tu  clean  water.  Dr.  New^holme  '  after  a  thorough  investiga- 
tion of  llie  subject  concluded  that  no  less  than  ^10. 7  per  cent,  of  the 
total  nuHibi-r  nWiisie»  of  typhoid  fever  in  Brighton,  KnglamI,  in  1897, 
were  definitely  traceable  to  the  eating  of  sewage-con laminated  oysters 
or  iDiiMeht,and  that  the  percentages  in  other  vears  were:t8.2  iu  1894, 
33.9  in  ld06.  and  31.8  in  1896. 

1  fuhlio  llMlth,  Sept..  ISOe. 
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fiwJs  are  the  frequent  cause  of  moot  dutreseitig  disordetB 

;  tmrdy  h»\f  »  fatal  I crnii nation.     Some  of  tl)e«e  aty  cIim>  lo 

IIS  MOovniVs  inlK-n^nt  in  tin-  Itvtiii;  uuimiil,  somfl  to  bact«nal 

Smqmu  ■□  meats  ehovring  no  evidcnoe  of  unwhoIesoinencM, 

■i  WMi  «i»  jBOOBipofllion  produvtsdeviiIopodduriDg  etorngeor  patn- 

i.  X^^mminf  Dw  to  SabBtances  Normally  Present  in  the  Living 

;. As  has  been  Bbltnl,  (frtiun  species  of  lil^h  are  always  p<ji- 

and  vlb«rs  only  at  tin)e»,  and  in  m>me  rase^  only  individual 

^wmbvc*  an  so  coostitatpd.     Cvrlaiu  spooies  arc  eo  well  known  to  be 

mqI^MIimw  in  perfectly  freAh  oondilioii  that  ihov  are  nevor<^t«n  by  tlie 

tl4liv««  of  tb('  i^iii'ies  vrhi-rr  tlii-v  an-  fniiiid  except  for  jitirposes  of  601- 

r'..h.      <i,>)iu.-  bjtx'c  iH>U<i>Dou9  glands  coonectix]  with  tbeir  fins,  ttoiae 

wj4Kiu»  it^'aries.  aocl  ot)i«n«  arc  jiuit-onuus  tliruughout.     Some 

.  umut  mily  in  the  raw  state,  and  otliers  whether  cooked  or  not. 

ipttutw  pnxliKXHl  \-ary   widely,  icomi-tinK-.'<  indicaling  giietn>- 

«>iiH't)iui^  involvement  of  the  eentral  nervous  evstem. 

<.<x  I  is  not  um'ommoiily  rc-gnnkil  mi  un  intrin^ieally  [>oi»on» 

,  hui  the  weight  of  vvidvnuc  indicates  that  mussel  poisoning 

'  i\>mlitii>n»  of  disease  or  infoction  arii>ing  from  reitideDoe  in 

,  '  >\tiivr.     lt»  poisonous  properties  have  long  bi-co  reetigniied, 

II  itwautyectof  3  number  of  dinsertationH  by  early  writeni ; 

.1,  l)»  i^Mionibtt*  ii  ecnwutiis  mylulie,  Hannover,  173-^,  and 

Wv^ttAw**"*  ^omiidam  vfftemim  el  ab  to  nalaa  pajmlaa  caii- 

■     Nuivuibci^,  1744.     In  Fninoe,  wlicrogreni  quantilios 

,  .itvn.  cases  of  poisoning  iherefrora  are  rare,  owing 

riut  ihiu   thosie  taki>ii  fn)m  potlnte<l  liarbors  an*  kept 

.    ;v  III  olwm  water  elsewhere. 

.  \,f.   Due  to  Bacterial  Products  in  Heats  Apparentll 

\V  bttt  is  nxnmonly  known  non-  u^  ment-poisoning  is  dti« 

.,  ii  Mt'  n  miiuber  of  organii^m.'*  having  no  connection  with 

ofiuuu.   They  include  eertaiu  apore4>earing  nnaer 
\    <i    Kiiiieugem  (BadUua  boluJi nm),  aad  Klein  (/ 
.:.  K  numoer  of  derivativea  of  tlic  Batjtlhu 
,    (It,  rnleritidi»),  Saaeatm  (B.  Aorw  morbii 
toiMta  and  B.  Sfor»eeimrni»i),  Oafflcy  and 
Ai-el,  (ii'inrhor,  and   otivers,  besides  B. 
1.  a  large  uumlwr  of  ^{KTiw  not  yet  dis 
.  .    .1  by  |Im>  meat  of  animals  sla       'ored  whihrsnf 
'iiin  those  to  whidt  nflk         nri.  T1  is  dts« 
uii  vhiiep.  Rwinq^^K  lit'n  rneil 

I   iL^l.iill 
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ffK*a\a»,  septicnniiaif,  nn<]  pn«umoont«ritiif,  ant)  the  greatest  iiitcusi^' 
(^  action  U  prodaced  by  preparations  made  frorn  th«  «i)traiU, 

The  syiaptuuvi  cniiiK<I  arc  thoM-  itidivutiiif^  either  Raatro-enteritis  or 
poiiuining  of  the  centnil  nervoiis  aystem  ("  Kotulism  "),  or,  more  fre- 
qut^ntlr,  both.  TIh-  iiivnlvc-iiH'iit  of  tlic  w^nlml  ihtvoub  sysU-ra  givca 
rise  to  u  great  variety  of  tnatiifcatatioDti,  Imt  io  outbreaks  tnu'cabk-  to 
ft  eommoD  nu»c  tJic  itiUcreiit  individiinU  prv«ent,  in  )^-neral,  the  same 
train  of  symptoms.  A  peculiar  temioney  to  relapses  it4  often  observed. 
The  pationt  iK-jriii:*  to  improve,  when  suddenly  tJie  orifrtiiii]  eymptoms 
raip|>ear  with  equal,  f^^-'3<er,  or  diminislied  intcusity.  Imprnvonu-nt 
mar  bo  liuccn^ed  again  br  a  rela|i6e,  and  this  eondilimi  may  obtain 
for  many  months.  The  toxins  xecrot^d  by  tli«  original  invading  bsc- 
(eriii  ari-  antagonized  by  antitosin!^  produced  by  tire  flyat^-ni  ntid  im- 
provement ocvwr«  :  then  duriii);  thiti  interval  iJiu  sptirt-  bearers  find 
op|)nrUi»!ty  to  develop  a  new  crop  of  baeteria,  which,  again  producing 
toxins,  cause  a  recurrence  of  the  original  ttyniptoniit. 

In  a  majority  of  the  rcporteci  outbreaks  the  meat  has  been  consumed 
either  raw  or  only  imiwrfi-cfly  cooked,  or  aft^r  being  kept  n (lay  or  two 
adt-T  being  cooked.  The  meats  most  commonly  the  cause  arc  pork 
ant)  itj>  ]in'paraiii>n>,  and  veil.  Kotli  yield  a  con.siderabli'  amount  of 
gobitin,  and  this  fact  has  iK-cn  suf^j^kil  ai-  having  an  imjwrtaut  l)ear- 
iog  since  thi»  material  ia  a  medium  which  oS'ers  fiivorable  opportunities 
for  the  growth  of  bacteria. 

Most  nf  die  reported  ontbreaks  have  occurred  in  the  cnuntrico  of 
Europe  where  the  meat  supply  in  iiin-'ijucntie  of  being  very  restricted 
is  ntilin-d  to  itA  fullest  extent.  Viscera  which  with  us  an;  rcjwrtfd  as 
refuse,  and  tlie  flesh  and  viscera  ofanimaU  shmghtenil  in  consequence 
of  Mcknoei  with  the  consent  and  approval  of  official  veterinnritiUM  are 
•old  and  eaten.  Another  n-iLson  fur  the  fr«|ue-ncy  of  the  outbreaks  is  a 
vtay  oomnwn  preference  for  scraped  or  minced  raw  meals  and  for  san- 
Bgesof  domnilie  mnnufnctun^  made  in  most  unsanitary  !^tirri>unding». 

3.  PoiioniDg  Dae  to  Synthetic  Putrefactive  Products. — Tho 

chftDges  pnxliioed  in  the  ripening  process  of  meals  arc  Aueeircded  by 
thoaeof  true  decomposition.  The  tlc^li  b'-i^imc«  changed  in  color  and 
texture,  and  dcvel<H)s  unpU^tant  odoi-s.  The  pr^icess  oi'  dei-(ini|)osition 
is  doe  to  the  action  of  micro-uTganisins  which  brcnk  up  the  complex 
oi^gMiic  matters  into  less  complex  substances,  and  then  by  synthesis 
eanse  ibc  production  rif  new  c(iin|Hiuads  in  great  variety  and  in  variable 
unouut.  These  in  turn  are  split  up.  ami  with  the  main  bulk  of  the 
muB  un  converted  into  products  of  diminishing  eumpli'xily  until  Uie 
final  results  ore  water,  hydrogen,  carl>ouic  acid,  »nlphuretteil  hydi^igen, 
lUnmonia,  nitrogen,  and  .'<alls.  During  the  process  certain  organic 
btKB  known  as  ptomaine  are  formed.  Some  of  these  are  poisonous, 
bat  the  great  majority  of  those  thus  far  isolated  are  wholly  inert.  All 
oontain  nitrogen,  but  i>ot  all  contain  oxygen,  thitx  resembling  the  vege- 
table alkaloida. 

The  variety  of  ptomain-s  formed  depends  upon  tlio  oatiuv  of  the 
orgUEHOis  at  work,  the  nature  of  the  substance,  and  the  eondittonn  of 
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temperaturf,  access  of  air,  and  other  attendant  circumHtanvvK.     Ooail 
Rltfoifs  nf  liacterta  iimy  pmdiioi^  tin  {>|i>maiii.'<  tmni  one  kind  of  material, 
ami  puisonous  or  inert  onvs  frum  aiiiitlier.      At  uu<^'  stage  of  (Ivcoinpu- 
sition  no  ptomainii  may  l>e  formt'd,  at  another  several  may  be  presen 
and  later  ttit-se  may  Iiavt  di>«appcari-d  ctunplotcly,  for  tlicy  are  bu! 
intermediate  products. 

Brit-jfor  lia»  i!Milnt*d  a  mitnljcr  of  varieties  of  ptomaine  fmm  dt^iim- 
posiiig  meata  and  fisli,  including  ueiirine,  choline,  and  one  which  ap- 
\u^r:>  to  hi!  identiciil  with  inimmrinv  (all  throe  of  thcM;  are  aiitagonixAd 
is  their  poisonoaa  action  hy  atropine),  and  neuridine,  piitre&cinc,  eada- 
verino,  another  whieli  produoei*  ctVeeti*  similar  to  iltoiie  of  cnrare,  and 
others.  Vaughan  discovered  the  very  imjwrtaDt  ptomain,  tyrotoxicoo, 
in  milk  and  diee.-f. 

Many  of  the  poii!onous  com|x>iindi>i  fonncd  dnrinf;  piitn-fuction  rctaiiM 
their  active  character  long  after  the  organisms  through  whose  agency* 
they  have  l>een  prt)duecd  huvi>  iKirishetl.  This  ww  notwl  as  early  a»  , 
1S.'»0  hy  Pauum,  who  found  that  the  ]>oisoD  of  certain  putrid  meat 
taiiii'd  i|ji  iii'tivity  even  alVrr  it  tind  i)eeii  boiled  eleven  houri^  and  hi 
observation  has  been  repeatedly  confirmed  by  others.  NattiRklly 
ammint  of  winking  will  finlliot-  la  n-nder  wueh  meat  harmless. 

The  physiological  action  of  these  jraisons  is  wi<lely  ditl'erent.  Son 
cause  intense  gaalro-inieslinal  irritation,  some  act  directly  on  the 
heart,  somv  act  on  the  general  nervous  system,  anii  simie  on  particular 
centers.  Very  different  effects  are  produced  in  different  people  owUi]{;i 
]»erha[w  to  varying  degrees  of  siweeptibility  an<!  iilso  to  urii-ijiial  dia-j 
iribution  of  the  poison  through  the  miLss  of  meat. 

The  <'xtent  tii  wliieii  the  pnlrefiictive  pi-oces.*  has  aclvancrti  is  hy  n< 
means  the  im^xirtant  point  in  the  determination  of  the  question  of 
aible  ill  cfftirtM,  but  mon?  the  nature  of  the  engaged  bacteria  and  o! 
tlieir  pruilncts,  for  meat  may  be  extremely  putrid  and  yet  not  be  poi; 
OU9,  and  on  the  other  hand  may  t>e  apiMirently  normal  and  yet  deadt 
in  ils  effects.  Many  savage  jR'oples  pR-fer  putrid  fish  and  nn-at,  and 
the  more  nrtten  it  is,  tlie  greater  their  enjoyment  in  ils  eonsuniptiott. 
In  left)  di^rev  the  same  \»  true  of  ninny  of  the  nioiit  enlightened  [lenpU 
who  prefer  game  when  decomposition  is  fairly  well  advanced.  Un  tbi 
other  hand  the  severe,*!  outbreaks  of  food  {Hiisoning  have  followed 
eating  of  meat  appsirently  not  uctually  deeomposing.  Indeed,  m 
persons  will  reject  meat  which  lias  the  slighte.'it  taste  indicating  begi: 
ning  piitrefaetion,  since  even  this  makes  it  repngimnt  to  Uie  sen: 
In  many  cases  the  poisonous  principles  apjiear  to  be  developed  after  tba 
meat  ha.->  Ix'en  c&ti-n,  through  changes  ocearring  within  the  intestines^ 

In  outbreaks  due  to  bacterial  poisons  the  symptoms  come  on  with 
great  suddenness,  and  when  many  {lersons  are  involved  the  atK^ntioo 
is  drawn  to  fitod  as  the  probable  common  cause.  The  sudden  appear^ 
ance  of  the  sympt*ims  indicates  bacterial  (xii-sons  rather  than  direofi 
biicterial  action.  IXiubtless  many  single  cases  of  serious  general  di»^ 
turbiinces  are  due  to  putrefactive  products  though  wrongfully  aacribei$ 
to  some  other  jwssible  cause. 
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Id  treatmeot  of  all  forms  of  food  poUoiiiiij^  tin;  lir^t  ul(}v<'t  is  lo  re- 
move the  oS'iMiding  suljstaoces  by  the-  ii»tiiil  uppi-opriatc  mt^lliocls,  to 
supiKtri  the  svsteni,  and  to  combat  the  poiRoa  by  such  remedivv  as  arc 
ia<li<^ut(Hl  by  ihc  nvniptnra.'r. 

CaaeB  niuBtrative  of  Poisoning;  by  Fish  and  Meats. 

Polaoning  by  Mussels.  CAr^t:  I. — At  WilhelmslmvoH  in  isa.')  scv- 
eml  lonf^thon-nicn  and  Uii'ir  litmilicii,  19  pcrtHnis  in  nil,  wort-  stricken 
with  verv  severe  Hymptotos  shortly  after  eating  a  meal  of  mnii.>4cli«. 
The  synipioms  were  in  gcncnil  the  sanio  in  all  regnrdles.-*  of  the  nniount 
eaten,  and  incliidnl  niini>cu  luid  vomttinp;  without  abdominal  pnin  or 
pur^iii^,  tifjnbling,  oonstrictinn  of  llic  throat,  dimness,  and  diitiini>ihrd 
ooOnlinuiion  uf  movement  similar  to  tliitt  due  to  alcoholic  inloxicntion. 
There  was  no  fever.  Speech  was  dilfienU  and  thick,  and  in  a  short 
time  tlie  U-jw  were  unable  to  itiipjKirt  the  body.  Tin;  pnpils  were  di- 
lated and  unresponsive  to  reaction  tests.  The  extremities  were  cold 
and  niiinh.  Four  deJitlw  occurred,  one  within  two  hoiir^,  ime  in  three 
and  a-hnlf,  and  the  others  within  five  hours  from  the  time  of  in^^ctt- 
tion.  'Hie  autopsy  in  (he  only  c-use  exumineil  revealed  entt'ritis,  enor- 
mous enlargement  uf  the  spleen,  numerous  hcmorrluigic  infarctions 
and  fatty  degeneration  of  the  heart,  liver,  and  kidneys. 

lu  this  Clue  (he  sudden  onset  nnd  ni|ml  fntul  tcrniinHtiim  indirnt^s 
a  tmc  poboning  ratlier  than  an  invasion  of  the  syaleni  hy  bacteria,  and, 
indvMl,  tiie  poison  was  prove<l  by  Hidkowski  and  IJrict^er  U)  he  ii  ptouain 
to  which  they  KAve  the  name  mytilotoxin. 

Case  II.-^Dr.  James  8.  Combe,'  of  p'dinhur^h,  rei>orted  in  1828 
outbreak  which  involved  a  tai^-  number  of  persons  of  the  lower 
nngiiig  in  nge  from  2  to  70  years.  The  first  ciLse  seen  was  a. 
aaa  of  60  who  complained  of  thirst,  hi<nt  in  the  mouth,  ditficulty  in 
awallovriiig,  lensuon  al>out.  the  jaws  and  tliroat.  The  pulse  wan  small 
and  weak,  the  respiration  normal,  the  snrfiit^'  cool.  The  hands  were 
DUmb  and  tlie  legs  unable  in  supjwrt  the  body.  He  had  supped  the 
c^'vning  l>efor(^  witli  n  fri^'ud  who  died  during  the  night.  They  had 
eaten  mu:Ke)s  boiled  with  flail,  but  bud  noticed  no  peculiarity  of  taste. 
In  his  cme  recovery  followed  ]iurgative  treatment. 

The  next  case  seen  was  a  man  of  thirty  who,  on  the  previous  even* 
ing,  had  picked  a  few  mus^ls,  not  over  live  or  six,  and  had  eaten 
th«m  raw.  Xo  effects  were  noticed  until  morning,  oxecpling  slight 
burning  of  the  lii>s  and  tongue.  On  attempting  to  get  up  he  found 
that  be  onuld  tiol  stnnd,  although  he,  like  the  other,  could  move  his 
legs  about  in  bed.  vUtliough  hundreds  of  cagc!>,  with  niimy  deatho, 
w*re  said  to  have  oc^-urrcd,  in  conseriuence  of  which  the  magi^trittcs 
tamed  a  warning  against  the  use  of  mussels,  Dr.  Combe  found  hut 
thirty  caaeA  with  two  deaths.  In  all,  the  symptoms  presi?nt4>d  a  strik- 
ing uniformity,  though  they  varied  much  in  acverlty.  Most  of  ilie 
victims  had  eaten  the  mu^^wls  boiled  with  salt  and  pepper,  and  none 

■  Edinbai|>b  Mcaical  >ml  Siirxicnl  Jounial,  X\IX.,  lt)2S,  p.  80. 


Cj 
man 


03 


FOODS. 


rtcd_ 

Thai 


hnil  imlinod  nny  uiiiiiiual  tiiAte.     In  general  the  syniptonis  appeared  in 
an  hour  or  two. 

The  mail  who  died  had  vomited  a  few  botrnt  after  eftting.  He  hi 
down,  hud  o(Kaisioiin]  genera]  tremblinf;,  was  rational  to  the  lust  am 
died  as  if  bv  inpreiifiiug  weakness.  Op  set^tion  a  few  dark-red  jmtcheai 
were  found  in  the  ileum.  The  stomiicli  vtnn  em|>ty  and  [)ri'!*Mit<Hj  no' 
aliiiormal  npjtearance.  The  other  fatal  ease  was  of  a  woniiin  who  died 
in  thiiri-  liriiMH  after  witing.  The  antoiwy  revealed  a  full  st«jmach  con- 
taining niiisaels  and  |>otatoe6,  and  beyond  a  few  red  pateheH  in  th« 
tC-Htine  tile  visivrji  wen-  (|Uite  normal. 

In  liiB  report  I>r.  Combe  referreil  to  a  case  related  by  CnjJtain  V: 
oouver  (Voyag(^  of  Dincovery,  Vol.  IV.,  p.  45)  a  nnnil>er  of  whose 
men  ate  a  breakfast  of  roasted  mussels.  Soon  H!venil  were  seiised  with 
nnmhnei^a  about  the  face  and  extremities,  followed  by  involvement  of 
tliG  whole  Ixxly.  One  man,  who  died  in  tivo  and  a-half  hount  iift«r 
eating,  was  unable  to  swallow,  and  though  he  ooold  row  in  the  boat 
while  eiek,  he  was  in);ilili'  In  ><liind  cm  lenvin)r  it. 

Poisoning  by  Herrings. — A  ease  involving  five  persons,  reported 
by  Dr.  It.  David,'  is  remiirkahle  for  the  s'ariety  of  mantf«itatJon», 
length  of  time  tliat  elnpse<l  before  the  appeamnee  of  the  synipli 
and,  in  two  of  iheni,  the  teverity  and  diiratina  of  the  illness. 
aHlicted  perwHiH,  adult  member«  of  one  family,  ale  on  Mareh  19,  18fl?, 
some  raw  retl  ht-rrings,  which  gave  off  odor  indicative  of  commencing 
putrefaction,  Kaeh  ate  the  wuno  umoimt,  a  whole  fish,  bnt  whether 
each  fish  was  erjuallv  advanced  in  decomposition  cannot,  of  course,  be 
drti-rmiufd,  and  the  liirteriiij;  dej^rees  of  seviTity  "f  effeeti*  may  Iw  ex- 
plained by  unequal  susceptibility.  The  father  and  mother  aged,  re- 
siKHitivcly,  Rixty-five  and  wixty-Beven  yearM,  .suffered  least;  the  ewn, 
^ed  thirty-one,  was  alTectod  more  seriously ;  the  two  daughtcre  p; 
sented  unu.iiially  severe  and  complicated  symptoms. 

The  first  efieets  were  manifestefl  by  the  son  who,  on  the  if«W)nd  day, 
was  sei7«d  with  ]o»i  of  apjietitc,  disagreeable  eructations,  vomiting, 
diarrhtca,  dryness  of  the  thriMit,  and  general  wejiknc^.  On  the  follow- 
ing day  he  was  better,  but  soon  became  worse.  DiarrhoDa  was  followed 
hy  obi^tinatv  eonstipation,  which  finally  yieldi-d  with  dillieulty  to  «»- 
thartics.  Kiv-e  days  later  he  had  dimner^  of  sight,  which  was  followed 
after  u  week  by  ilonhle  vision  and  ditlicLilt  deglnlition.  The  aynii^ 
tome  gradually  abated  and  on  May  '27th  there  was  distinct  improve* 
ment  of  sight.     On  .Tune  'id  glaases  were  hardly  needed. 

The  mother  firM  4ii>wx'd  symptoms  on  the  fifth  day,  when  tinui«eaf| 
constipation  and  dryness  of  the  tiiroat  appeared.  Several  days  lati 
she  had  double  vifion  and  ditSeiilt  deglutition.  The  father's  ense  be- 
gan on  the  ninth  day  and  presente<l  similar  symptoms,  which  disap- 
p<nred  in  six  weeks.  One  of  the  daughters  was  seized  on  the  third 
day  with  Imd  ta»te  in  the  month,  eonxtipation  and  drvnew  of  the 
thfoai,  followed  in  six  days  bv  dimness  of  near  vision,  then  by  double 
vision,  paralysis  of  n^rctimmotiation,  and  dillieiilt  itwallowing.  As  was 
'  DsiiK'lio  au-ilitriniwlie  VVoclivnM-Krilt,  ISW,  Xo.  8. 
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tlw  Cftiv  with  Uiv  othcnt,  th«  wmpcretare,  drculation,  ami  urine  re- 
mained Donnal.  On  May  2(1  there  was  mniplvtc  inability  u>  Hwnllow 
and  il  was  mxt^wury  di  iiiLiiidttoc  food  by  ni(>aa%  of  a  »t<iriinch-tub«.>. 
There  wad  stighi  |iio!ii«  i*\'  llii'  rijfhl  eye,  llwn  of  both,  Uio  vi»ioc  was 
UMil,  l)iv  giiit  was  uflfiK'tcd  and  thu  piilat-  becaioe  very  siimll,  llinugh 
not  ven-  ra|iid. 

On  May  !)lh  bladder  jtyiaptoin-s  wliirh  had  been  gradually  a{){)(>ar- 
ing,  culminated  in  puralyttiis  of  that  organ,  and  after  thir  l.tth  there 
eaiuv  a  variety  of  bladder  and  alidomiiial  Hvm|it'>iii^.  In  the  iirst  [tart 
of  July  she  fdt  oumpk't^Oy  well,  but  a  muiith  later  she  sufTi^red  a 
alight  relapee,  with  reappcaranoe  uf  eunatipatiou,  diflittull  dvgUitilian, 
•od  dilfltirittacv  of  viuon,  which  |H-r»iiti<.-d  lo  M>me  cxii^it  iuto  Septem- 
ber. Complete  recovery  did  nut  occur  until  October,  almost  aevvo 
nionlli^  after  th<-  di--<lurhnnc-e  Im^^u. 

The  other  daughter  showed  the  firet  symptoms  after  t)ir  lapse  of  a 
wt^k.  Theae  were  in  the  main  like  tlione  of  her  siater,  but  were 
more  «ievvre  anti  extensive.  She  began  to  improve  in  May,  and  tlx'O 
enAuetl  allemate  improvement  and  lo!^  of  ground,  Ijeller  one  day  and 
worw  the  next.  On  the  I-'>th  thi-re  wiw  pain  in  tlie  left  hyptKihon- 
drium  ;  on  the  1 7th  an  eruption  like  that  of  scarlet  fever  over  tlie 
whole  body,  with  alhuntinuria,  but  no  cafiti*.  On  the  lltth  severe  pain 
in  the  left  hy|H)chondrium,  les-t  in  the  right,  and  tondemess  in  the  rc- 
gioa  of  the  kidneys,  with  epi^iaxij*.  di.nappi'a ranee  of  ttie  nish,  xlight 
aesqnamation,  and  improved  vifiiou.  At  the  end  of  Mny  the  ulhumi- 
Duria  ami  pain  in  the  region  of  the  kidneys  had  neariy  diHappeared, 
and  deglutition  wae  perfect.  On  Juno  2d  liearl  eomplimtions  appeari^, 
whi(^  prrtUied  into  November,  when  hypertrophy  was  ehtahlished. 
In  August,  after  a  general  improvement,  tlien^  wae  a  rcliipw  like  that 
which  occurred  in  the  rau^  of  her  nister.  Improvement  wiis  well  es- 
Iabli4hed  in  October,  and  in  Novenilter  uSw  had  almost  wholly  rt^* 
eoTCTi-d. 

It  was  unfortunately  im|M>!»ible  to  make  n  bneterio logical  and  ohem- 
ical  einminiilioii  of  the  li^h,  be<-aiisc  do  ni:ileria]  was  oblainiible. 

Poisoning  hy  S&lmon. —  i'role-^-or  Viuighan  '  n-ports  the  following 
CMC.  "  K,,  a  very  vigorous  man  of  34  y«in*,  ale  frii'ly  of  canned 
Balmon.  Otliera  »t  the  table  with  him  remarked  that  the  tante  of  the 
anlnHm  was  peculiar  and  refrained  from  nuing  it.  Twelve  hours  later 
K.  bi^ii  to  suffer  from  nauiica.  vomiting,  and  a  griping  pain  in  th* 
abdomen.  Kighl4-en  liourH  nlWr  he  had  eaten  llie  (isli  the  writer  saw 
him.  He  was  vomiting  small  (|uantities  of  mucus,  colored  with  bile, 
U  frtHpH-nt  intcrvaK  Tlie  boweU  lind  not  moved  and  the  griping 
pain  OHitinued.  lie  was  covered  with  a  scarlatinous  ra^h  from  head  to 
fiwit.  Iliri  pulne  was  140,  ti-inperature  I0'2'  I-".,  ami  re>ipiration  . shal- 
low and  irregular."      After  appropriate  treatment  he  Ix-gan  to  Improve. 

Tite  next  day  llie  nuh  dtsappcjired,  hut  the  tem|H'rature  remained 
above  Ihe  nontnd  for  four  or  live  days,  and  it  v;sa  not  until  a  week 
later  that  the  man  waa  able  to  leave  hi.s  lioui«c."  Vuughan  examined 
■  1*10010111^  Le^cDllMin^  Toiinmnil  .\nti1oxlnn,  ISSW,  {■.  SG. 


the  ^niflii  nn(]  found  a  niiorooocciit>  prawnt  in  great  nunihoTs. 
orgHttUm  grown  for  tn'trnty  days  in  a  steriliz^  egg  pn)diicvd  a  idoi 
potent  poison.     The  wliili"  heuarao  iliin,  watery,  niarkwlly  alkalini 
and  ten  dro])*  i-iiffici'd  to  kill  wliito  rats. 

PoisonlDgf  by  Oysters. — The  following  caw  of  oyrter  poisoning 
will]  II  (iitiil  iiriniiiation  is  reportod  by  BruHch.'  An  ofiictT  ate  a  niim- 
ber  of  oysters  toward  midnight,  and  within  six  hours  vras  seized  withl 
hendiiohe,  [min  in  the  side,  iiaiise!),  diiiino^s  of  ^ight,  diOiciill  di^hiti- 
tion,  retention  of  nrine,  and  salivation.  Toward  noon,  right  facial 
pandysi.'-,  diiiiliilion  of  the  right  pupil,  luid  thickness  of  spcM^h  a 
pwind.  followed  shortly  by  cyanosis,  ptosis  of  the  right  eyelid,  grcill 
miiscidar  relaxation,  and  paralyM.s  of  rettpimtion.  Autopsy  revealed 
pnnetiform  ocohynioses  in  \ivrioiis  parix,  enhtrgemeDt  of  the  eplrcflj 
and  fatty  degenei-ation  of  tht-  hver  and  kidneys. 

Foisoniii^  by  Veal. — Ae^^nling  to  Vidliii  in  it  (unnmnnication  to 
the  Academy  of  Me<licine  in  IHWo,  a  lai^  number  of  outbreaks  of 
poisoning  in  Gennuny,  Switzerland,  and  clwwherp  are  due  to  the  wm- 
sumption  of  veal  from  animals  either  siek  or  too  Immature.  Drs. 
Darde  and  Drouinenu'  nliiti-  iliiil  ihiy  have  seen  nearly  ihe  whole 
strength  of  a  militari'  company,  i;i5  out  of  147,  jwisoneil  by  etitinj 
roast  veal.  Thcsyni)»lJini.-«  aj>{iear  generally  in  from  six  to  twenty-fotu 
houi?  uud  ineliide  vomiting,  purging,  and  great  pro^tratiou.  ^Utfr 
tion  of  the  pnpii  is  common  but  not  constant.  Oecasiouallyakinerup' 
tionis  nppe«r. 

By  Vallin,'  and  by  others  as  well,  it  is  deemed  probable  that  veal 
jmisoning  !.■«  due  largely  to  the  existence  of  septie  pya-mia  and  septic 
pneumo-enterltis  in  ealves,  and  Van  Krmengem  has  suggested  that 
variety  of  sfjitie  flit^oft-se.-*  of  thi'se  animals  are  eoninionly  grouped  iindei 
the  head  of  diarrhtea,.  lie  has  fed  the  frei^h  meat  of  one  of  th«M 
calves  to  mice  and  guinea-pigs  which  have  died  within  n  few  days  witi 
enleriti*.  From  the  bone  miirn.iw  he  bus  isolutol  an  orgaiii.-<m  which 
appeal's  to  be  chjsely  related  to  Gaertiier's  Jiac!/lii«  eiUeritid it  siniXwhicil 
on  iniHiulatioii  into  aninialN  prculueeH  a  fatid  enteritis. 

C.\8E  I. — Dr.  Y.  Itoyor'  ri'ports  the  follo»-ing  case  of  8cxtupl4 
poisoning  by  vwd.  The  f)err(on.t  affected  were  members  of  one  house-< 
hold,  and  raiigtd  widely  in  point  of  age,  the  youngest  being  ehildrcu  o^ 
three  and  six  years.  The  symptoms  apj»eared  in  the  night,  about  sis 
hour!?  after  the  food  wits  taken,  iinil  bejjiui  with  vnniiting  and  violent 
colic.  In  the  morning  ail  had  intense  gastric  irritability,  eosited  tonguCp 
pain  on  prejwure,  cfiK^cially  in  the  riglit  iliac  fiw.sji,  rumbling,  slight 
tympanites,  and  scanty  urine.  The  cook  had  markedly  <iilflled  piipilsj 
sensation  of  »nirocotiou,  c^iiiiitriclion  and  dryne-ss  of  the  throat,  and  in-! 
tense  sufTuElon  of  the  face.  The  child  of  six  ywirs  had  dilated  |iupil» 
and  disturbance  of  virion,  and  finally  pain  and  stiffness  of  the  muscles 
of  the  neck.     The  younger  of  the  two  tshiidren  and  the  mother  wprej 

'Wii-iii.-r  kliiiiwlif  WwliL-HHt-liritl,  1J<9<>,  So,_  13. 
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leee  nfiectt'd  than  ihe  otiicra,  unil  made  ■  more  rapid  rcooveiy.  The 
diBml>ermaid  had  at  first  a  oertaia  degree  of  aggravation  of  ^yniptom^r 
with  a  tend<;ncy  to  syniM[)C  and  f^-ut  iiitiscular  wo»kiie»s,  wliieh  latttT 
effeclfi  were  also  marked  in  the  ciise  of  the  cook,  who  ooiitinui^d  for 
souiv  time  to  be  troubled  hy  diliiCitioii  of  the  pupils;  and  di<;tiirhcd 
vision.  At  llie  end  of  nine  daya  there  was  no  further  nppeoituice  of 
dfuigor,  and  lli«  two  most  Mvercly  alTvoted  were  w«U  on  tlie  way  to 
recovery. 

I 'nfortttnalcly  no  Imcleriokigical  exnminatioii  was  made  either  of 
tlM.'  nncat  or  the  diiK^hsr^^,  but  the  nature  of  the  ayniptoms  leaves  no 
room  for  doubt  as  to  their  cause. 

Case  n. — Dre.  Wilkinson,'  Ashton,  and  Durham  liavc  recorded  an 
extensive  outbreak  of  poisoning  due  to  imperfectly  cimked  veal  pies. 
All  the  vases,  somewhat  over  BHy  in  numbi-r,  prrHCiitiil  ver\-  similar 
symptoms,  the  chief  of  which  wore  severe  and  uncontrollable  vomiting 
and  diiirrlKui,  ncM>mpaiiioil  at  fln^t  by  uliiwrinfr,  and  followed  by  col- 
l;ipee.  In  eome  there  were  violent  abdominal  pains^  and  in  several  the 
alidomen  wiw  swolli'ii  tiiul  ten<)er.  Mntiy  had  lii^vere  patti.t  in  the 
back.  Tile  si,'n]ptom!>  be^an  in  from  five  to  fourteen  hours  after  cat- 
ing,  and,  as  a  rule,  wert-  fievere  from  the  Wart.  The  motions  were  firat 
|rnsB-green,  then  dark  f^recn,  and  liifjhly  ufienstvc.  The  severity  of 
the  diarrli<£.t  increaiied  on  the  second  day  ;  one  patient  was  purged  forty 
or  more  times  in  a  single  duy.  In  wry  few  mses  the  dejeotn  oonluined 
a  little  blood. 

In  the  worel  cases  the  piitietit?'  iM-came  ttcnii-conmtuiiie,  rojitless,  and 
delirious  in  the  course  of  a  few  hours.  Occusionully  there  were  dus- 
turUuicrs  of  virion,  which  lusted  until  the  tenip(>rature,  which  riuiged 
from  10U°  in  the  mildest  to  104. ii**  in  the  severest  cases,  became  nor- 
mal. The  pulse  was  very  nipid,  weak,  and  dicrotic.  In  many  aiws 
tiw  patient  was  markedly  cyanotic  and  hiul  some  difficulty  in  breath- 
ing. Some  bad  emm|)s,  and  nearly  all  had  muscular  jiain  and  ^tiffneds. 
lo  very  many  cases  herpes  uppcan-d  about  the  lips  on  the  third  to  the 
sixth  day,  an<l  soiu<-  had  a  rash,  followed  by  desquamation.  Cfln%'a- 
lesccnw  in  the  severe  cases  wiw  very  pnilimgeil  :  ^"oiik-  were  ."ttill  weak 
even  aAer  three  and  a-hatf  months.  Four  ciises  termttiiited  tiitxilly, 
and  in  two  of  tlies^r  auIo|isii«  were  Biiiiired.  The  brain  surface  showed 
slight  congestion  ;  the  small  intestines  showed  coii;;eHted  patultcii,  whioli 
became  larj^t-rnnd  more  numerous*  lower  down,  and  did  not  correspond 
with  Peyei^s  patches.  The  whole  lower  tliirtl  wa.-*  highly  coiigt-sled, 
and  contained  some  yellow,  diarrhreic  fluid.  Otherwise  the  organs  of 
the  body  were  foimd  to  be  in  a  fairly  beiiltliy  condition. 

InvetUigstion  of  the  cause  of  the  outbreak  yielded  tlic  following 
fiu-i!* :  On  Tuesday,  July  '2tjtli.  an  iipparemly  healthy  calf  was  sliuij;li- 
tered,  and  two  days  later  the  fore  quarter  and  ba-ast  were  delivered  to 
a  baker  who  made  the  m«tt  inio  the  pie*  which  were  shown  to  have 
bwn  tbc  cause  of  the  outbreak.  Other  portions  of  the  luiinml  were 
■C^d  to  o^cnt  who  nuule  ])ies  which  caused  no  trouble.     A  portion  of  a 
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knuckle  end,  which  was  atilt  in  the  possession  of  the  butdier  vrhi-u  tbi 
invvetigtttioii  wtM  begun,  wiu  to  nil  uppntraiiccA  pcrfivU)-  good  meat. 

The  bilker  to  wham  the  trouble  was  traced  made,  on  the  d»y  be  t«« 
ccived  ihc  meat,  160  vml  iiie."  iiiul  lOS  |Hirk  pies.  The  pastry  was 
the  same  for  the  entire  lot,  and  both  kinds  wore  trwiktl  to  tliv  Hftme 
lot  of  jelly,  which  wai*  made  bv  boiling  ihe  veal  Imnes  with  two  pigs'- 
feet  in  four  quarts  of  water.  Inasmuch  dh  the  |)ork  piei«  caiisra  no 
di.iiLiirbanoe  oi  any  kind,  no  re.iiH^nsibilitv  could  be  attached  to  the 
pastry  or  to  tlie  jelly.  The  vwil  pics  were  baked  in  not  le.ss  than  three 
nor  more  than  five  batches,  ben ee  the  batches  would  have  included  about 
thirty-two,  forty,  or  fifty-three  pic-s.  The  time  oecnpied  in  baking 
each  batch  wa-i  rmid  to  have  been  about  twenty  minutes.  The  number 
of  persons  affected  wa*  somowliat  over  fiHy,  imd  as  in  rM>me  ca.iat  siugU 
|He8  were  shared  by  two,  three,  and  four  [tersons,it  is  obvious  that  loM 
than  fifty  jiieu  prodnt^il  all  tiie  trouble.  Hinee  no  other  parts  of  the 
snimal  produced  any  aicknes-i,  there  can  be  no  doubt  that  the  oontaioi- 
nation  of  tlic  meat  occurred  afU-r  the  sale  and  delivery. 

Accortling  to  the  findings)  of  l>r.  Durham,  basci)  on  a  gludy  of 
blood  of  a  number  of  the  patients  as  to  the  behavior  of  the 
when  teatitl  for  elumpinj^  properties  with   various  micro-oi^aiii.^na, 
with  controls  of  serum  from  normal  persons,  the  outbreak  was  due 
the  Htw.Ulun  enffrUidij',     This  limitution  of  the  inquiry  was  neeefuutai 
by  the  fact  that  it  was  imjKissible  to  secure  either  one  of  the  pic*, 
pari  of  one,  or  any  of  tin-  first  vomitings.     The  conclusion  arrived 
rtreiigthcnwl  by  the  fact  that  all  four  fatal  cjises  were  from  pie»  whi 
were  two  or  more  days  old  when  eat^-n,  which  [H-riod  allowed  enormoi 
multlplieutioii,  makes  most  probable  the  further  conclusion  ttiat  one 
whole  batch  was  so  insufficiently  cofikcd  as  to  jireclude  the  killing  of 
the  organism;*,  which,  according  to  Baseniiu,  cannot  survive  vxjKisure 
for  one  minule  to  a  temperature  of  70"  C  | 

Poisoning  by  Pork.  Case  I. — Dr.  Meredith  Young'  records  ■ 
case  of  pork  poisoning  in  which  five  persona  were  affected.  Th«  off 
fending  meal  was  ihree-quarli-rs  of  a  pound  of  "pig's  cheek"  which 
Wlis  witen  at  lialf  jHist  four  in  the  afternoon,  between  which  lime  and 
the  onset  of  symptoms  nothing  else  was  eaten.  On  the  followin, 
morning  Mr,  A.  was  scixcti  suddenly  with  vomiting,  pui^ng,  am 
eevere  abdominal  pain,  and  shortly  aft<?rward  became  very  fevcrirfi 
and  weak,  and  siiirercd  fn>m  severe  froutjil  headnehe.  His  wife  had 
severe  abdominal  pain,  and  toward  noon  was  strongly  pureed.  Sh« 
oufiered  nauseji,  n'luliMl,  bnl  eonid  not  vomit;  had  fever  and  seven 
hcnduehe,  and  was  much  more  prostrated  and  took  more  time  to  n\ 
cover  ihan  her  husband.  She  was  nnabte  to  take  fi»od  for  three  days. 
Tlieir  d.Tugbter  was  taken  sick  at  the  ssmie  time  iind  with  llie  ssune 
symptoms,  thougli  less  .-tevenly.  Her  chief  symptom  was  a  strong 
and  overpowering  tendency  to  sleep.  I 

A  fourth  person  who  ate  but  little  aa  compared  with  the  amounn 
ingested  by  the  others  was  slightly  purged,  but  suirered  notliing  moi 
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The  Kuuiiniiig  member  sliowoci  no  cffbc-U  tiiitil  diiriiig  th«  scoond 
niKbt.  On  tM  tbllowing  momiog  sbe  wus  feverisb,  bad  sev«ro  beud- 
•chi'  Bnd  alxiomiiuil  [ciin  anil  rvtrWil  iiti?'iii-('cs.'«fiilly.  Purjn^t!  ''"^ 
Dot  <Kcar  iiDlil  ibc  afu'rnoon.  As  was  tbe  cusc  with  the  duii^hti-r,  the 
most  proiuinvot  )irn]{iiiint  iif\«r  thi;  onm-t  wili  .'ioiiiniileiK'u.  Recnvery 
tulluwcd  ia  ovcrj:  case.  IiivestitnatioTi  showed  thiit  the  chii-ks  liiu 
been  cooked  two  Aa^  befori;  and  had  b(M>ii  |ilai%d  together  t«>  cool  and 
"  Mt."  It  ma  Mtimut«<)  that  bt-twuiii  fifty  and  Mxty  ]icn!oi)i^  hiul  ]iiir- 
chased  of  them,  but  all  hul  a  nmall  [)rM[>ornoi)  were  unknown  to  the 
oeller  and  8o  do  8y»lomiitk>  inquiry  couhl  \tv  ninik-.  Only  four  cotdd 
be  followed  up,  and  two  of  these  pejx>rted  ao  trouble  ;  a  third  was  miidv 
aevcrcly  nick  and  lo4t  two  (lay«'  work,  aiid  tlii'  fburtit,  attfT  onting, 
dnok  eo  much  beer  that  hf  was  made  siok  and  lost  it  all  by  votniting 
atMl  ret  was  aHWu^]  likv  (hv  othcn,  but  not  mi  ndivrly.  It  won  im- 
possible to  procure  any  of  the  meal  or  voniitc-d  matter  or  dejcctione 
for  bacteriological  exnoiiiuitioii. 

Case  If. — At  tJic  .Seventh  International  Medical  Conf^nwit  held  in 
Lnodon,  in  1881,  Dr.  llallnni'  read  before  the  section  on  State  Medi- 
cioe  an  aecoiint  of  a  very  seriui))<  ontbreuk,  now  fjenerally  known  iih 
tbe  Welbeck  case.  This  involved  sevenlV'tuo  persons  who  attended 
a  sole  of  liiulMrr  and  uiachinm-  on  the  e«tau-  uf  the  I>oko  of  Portland 
at  Welbeek,  wKieh  lasted  from  Tuesday,  June  15,  1880,  through  llic 
veell.  I<efrwhmf»i»  wen-  wrvwl  hy  the  ki-i-pi^r  of  n  public  house  and 
unooe  the  articles  fiirni.ihcd  were  seven  hiinis  to  which  tliP  entire 
trouble  ww  traced.  Whili?  mauy  <-oniplaint-i  were  madt^  that  the  ham 
waa  OOt  sufficiently  cooked,  that  the  fat  was  yellouHsh  or  grccntiih,  that 
it  WM  too  *ul(,  tliat  it  "  tikKted  ipieer  "  and  tliat  it  hiul  no  true  flavor  of 
ham,  many  mode  no  complaint  and  no  one  siiid  that  it  was  tainted. 
Of  tlie  »eveniy-lwo  jiersmia  feized,  four  died.  The  history  of  these 
asea  is  as  follows  : 

1.  W.  \V.,  ageil  sixty-four,  ate  ham  on  Wednesday  and  Friday 
and  was  seiaxl  on  Friday  ai^n,  when  he  ooniplaincil  of  feeling  cold. 
On  Saturday  mominfr  he  ate  but  little  and  said  he  aehcd  all  over, 
In  ihf  <xiur»M.'  of  tlie  diiy  he  isiiRi-ixJ  from  vomiting  and  diarrhtea  with 
severe  pain  and  cramps  in  the  \cgs.  The  evacuations  were  exceedingly 
offensive  and  paa.-ccd  invuliintarily.  The  pulse  was  128;  temiieraturc 
D«t  taken.  On  Monday  he  Wpin  to  eollaii-H'  and  on  Friday  be  died. 
The  post-mortem  examination  revealed  little  noteworthy,  but  micro- 
aoopie  e\»minutioii  of  the  kidneys  ulinwed  .wvere  parenchymatouB 
inflammation  and  distentiion  and  pluf;t;ing  of  the  anerent  arterioles 
ami  ea]iiltnric»  of  the  Malpigliian  enrpu.scles  by  emboli  of  bacilli. 

■2.  Airs.  L.,  aged  sixty-two,  ate  some  scraps  of  the  ham  on  Wed- 
uesilay  and  wa.*  i>eiiu-<l  on  Friday  with  faintnc«s.  iliiirrlKea,  vomiting, 
and  nlxJomiiial  pain.  On  the  following  day  she  fell  into  n  utale  of 
eollapse  and  on  the  following  Tuesday  she  died.  The  miieoiis  mem- 
bnue  of  tbe  stomach  and  intej^tini-i  -vast  highly  congeAted;  otherwise 
tJw  autopsy  rcveidi-d  nothing  abnormiil. 

•Soppkaacnt  U>  lOib  AdikuI  itvpoit  of  tho  Local  Government  BuarO,  ISSt,  pi  36l 


POODS. 


3.  Mr.  S.,  aj^d  tliirty-scven,  uU.-  four  saDdwiches  ou  Thursday* 
In  the  evening  he  vomited  and  diarrhcea  Ix^n.  In  the  moniing  (^ 
th(?  following  day  he  nuniiiliiintiii  uf  htiniinft  pain  in  the  lower  part  of 
the  abdumen.  The  vomiting  and  purging  confinufd.  Though  oold 
and  olammy  to  the  touch  he  eomjilnincd  that  lie  wiis  "till  on  fin-." 
He  had  eranips  iii  the  legt-  and  was  verv  restless.  His  mind  was  clear 
to  the  last.  Tlie  discharges  were  watery  and  ofTensivo  at  firwl  and 
later  were  dark-green  in  oolor.  He  was  very  thirsty  and  dr.itik  freely 
of  water,  lie  died  on  the  following  Friday.  Only  a  partial  aHto[»y  , 
win*  made.     Thi!^  revealed  brtglit-red  patches  in  the  etumacb,  j^ 

The  period  nf  inruhnlion  was  accurately  determined  in  51  cases;  IB^ 
five  it  wa4  12  hours  or  \v»»,  in  34  it  wa»  between  36  and  48,  and  in  4 
it  eseeeded  i^  hours.      In   nianv  ease»)  the  onset  was  F^udden  and  ibJ 
otiiers  it  wa»  pnx-i-detl  by  gn-aler  nr  less  indisposition.     The  most »% 
slant  of  all  the  symptoms  was  diarrha>H.     "In  about  a  third  of  tt 
case.t  the  lintl  definite  symptom  wa.4  a  »ense  of  ehillineas  usually  wit 
rigors  or  trembling,  in  one  case  accompanied  by  dyspna?a  ;  in  a  fc 
caaea  it  w.^*  giddiness  with  faint nes», sometimes  acwimpaniod  hya  oofc 
tweat  and  tottering;  lu  otlicrB  the  first  symptom  was  headache  or  pail 
somewhere  in  the  trunk  of  the  Iwdy,  e.  e/.,  in  the  ehe.st,  back,  between 
tiic  sliiHildcr*  or  iu  the  nbdomcti,  to  which  psirt  the  pain,  wherever  n 
might  have  commenced,  &ubse<H]ently  extended. 

"  In  oni'iyuw  the  finit  i<yniptoin  iioticcil  wiw  a  difficulty  in  !«wa]lowing 
In  two  cases  it  was  intense  thirst.      But,  however  the  attack  may  havi 
coramencwl,  It  was  usually  not  long  befon^  jiain  in  the  alKlomtn,  diar 
rhoea  and  vomiting  came  on,  diarrhoea  being  of  more  certain  oecurrenc 
than  vomiting.     The  pain  in  several  c-ises  commenced  in  the  chest 
Wtwern  the  shoulders,  and  extended  first  to  the  up|)er  and  then  to 
lower  part  of  ihc  alidomen.     It  was  usually  very  severe  indeed,  quickl 
protlneing  jiroiit ititton  or  fiiiiifness  with  cold  sweats.     It  was  vnriousll 
described  as  '  cranipy,'  '  burning,'  '  tearing,'  etc. 

"The  dlarrhiml  disehargeji  were  in  some  e-asts  (jmte  unrestrainabl* 
and  (where  a  description  of  them  could  be  obtained)  were  said  to  ba\ 
been  exceedingly  olfcnaive,  and  usually  of  a  dark  color.    Mnseula 
weakness  was  an  early  ami  very  remarkable  symptom  in  nearly 
cases,  and  in  many  it  was  so  great  that  tlie  ])atient  could  only  stand 
holding  on  to  something.     Headache.  sumetinH'S  severe,  was  a  <Miniaori 
and  early  symptom  ;  in  most  easts  there  was  thirst,  often  intense  nni 
mosldislrossing.     Tlic  tongue,  when  olwcrvcd,  was  dcscribi-d  n.iiially  ; 
thickly  coated  with  a  biviwn  velvety  fur,  but  red  at  the  tip  and  edges. 

"In  the  early  stage,  the  mkin  wa.t  often  cold  to  the  touch,  but  after 
wards  some  fever  set  in,  the  temperature  arising  in  some  cases  to  101*' 
103",  and  104°.     In  a  few  severe  cases  where  the  skin  was  aetualli 
cold,  the  patient  complained  of  heat,  insisted  on  throwing  off  the 
clothes,  and  was  very  restless.     The  pulse  in  llie  height  of  the  illnes 
became  (piiok,  counting  in  some  cases  100  to  128. 

"  The  above  were  the  symptoms  most  frecjuently  noted.    Other  synij 
toms  occurred,  however,  some  in  a  few  cases,  and  some  iu  only  mlit 
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auicn.  Tht'sc  I  now  proccvcl  to  pniimerato.  B^cteeivo  sweating, 
crarope  in  the  legti,  or  in  both  legs  and  anan,  convulniv^  flexion  of  the 
hincte,  Bcbinp;  puin  in  tlio  s)ioiil«lt;r!i,  joiiilH.  or  oxtrt'mitic-8,  ii  i^cnsc  of 
stiffbcve  of  tlie  jdinis,  {>rickliiig  or  tingling  or  numbness  of  tlie  bands 
la.->ting  far  into  roiivaU-nocntx'  in  some  caw*,  n  Bcnao  of  Ri'm-nil  com- 
proeioo  of  the  skin,  dmwaineas,  hiiUuci nations,  imjwrfcction  of  vision, 
And  iiitok-ivncr  of  light. 

"  In  three  cases  {one  that  of  a  medical  man)  th^re  was  observod 
y«Mowrne^  of  the  skin,  cithi-r  gciicnil  or  I'ciiitim'd  to  tlie  fa<M>  and  «ye». 
Id  one  cue,  at  a  talc  stage  of  the  tllncss,  there  was  some  pulmonury 
ooDgestton,  and  an  attack  of  what  waa  regarde<l  a8  gout.  In  the  fatid 
cut*  dtiith  niu  i>rco«lc4)  by  collnjisc  like  that  of  cholera,  coldnc»«  of 
the  Mrfa«e,  pinched  features  and  blueness  of  the  fingers  and  toes,  and 
around  tlw  etinken  cvc«.  The  debility  of  wmvakwccucc  was  in  nearly 
all  casfF-  protracted  to  several  ivt^ks. 

"Tlie  niildi^  oiww  wore  ohaniotcnHHl  iwmlly  by  little  remarkable 
beyond  the  following  symptoms,  viz.,  abdominal  pains,  vomiting,  diar- 
rhcea,  lhir>it,  licadai^hc,  and  muttctular  weaknotit,  any  one  or  two  of 
whi4^  might  be  absent." 

Tox'estigation  of  the  hnniK  showed  absenw^  of  trichinie  and  the  pres- 
ence of  a  bactlltis  which  on  inoetiliition  into  animaUwus  found  in  mtiet 
cases  to  produce  a  pneumonia. 

The  pcTi(Nl  of  incnlxition  indicates  that  in  these  en»e8  there  was  a 
true  bacterial  infection. 

Oakf.  III. — Another  epidemic  investigated  by  Dr.  Ballard  '  involved 
a  far  greater  number  of  jiersons  and  hud  an  unui>tiul  attendant  mor- 
tality, nearly  -^00  pcnons  out  of  a  jKipulation  of  about  100,000 
(Miildlc^brough)  dying  during  the  year  of  a  peculiar  form  of  plcuro- 
pocnmonia. 

Tlw  cniue  of  this  remarkable  epidvmic  wa»  proved  to  be  tlie  con- 
sumption of  what  was  known  as  "American  bacon,"  a  food  product 
pre^iarcd  from  imported  miU  pork  at  »  mimbci-or  local  estubliMbmenta 
conducted  tuider  most  unsanitary  conditions.  Twenty  saniplc!*  of 
bni-on,  M>me  ubtain^t]  at  >»hopt<  and  some  at  the  Immes  of  victims, 
were  examined,  and  fourteen  were  fi>Mnd  to  be  distinctly  poi!«>nou>  to 
animals.  The  lesion.*  diwovered  in  the  dead  animals  corresponilcd 
with  ihow  in  the  organs  of  the  jierwiis  who  Imd  died,  which  included 
destnictive  changes  in  all  the  principal  viscera  and  moR-  partionlfirly 
in  ihi-  lungx.  I)r.  Klein  di:"tv»v»red  in  the  hing  a  short  bacillus  which 
had  i>r\'er  before  been  descrilwd.  Inoeuhition  expiriments  on  aniniiil» 
prodoec*)  rcstiitfi  identical  with  those  following  feeding  experinientB 
with  the  so-called  bacon. 

Case  IV. — A  remarkable  outbreak  due  to  raw  pickled  ham  hnn 
been  rwotded  by  Professor  Van  Krnimgein'  and  carefully  investigated 
by  himself  and  others.  Over  twenty  members  of  a  muisieul  society  at 
EHeoellea,  in  Belgium,  were  »eiwd  with  serious  illness  at^er  eating  the 
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greater  part  of  a  raw  pickled  bam ;  (bree  died  witbiu  u  wvck,  and 
wvTv  ia  n  critical  coiidiliun.  Otlier  ]«rt«of  the  ftnimal  from  the  su 
pickling  tub  were  «aleu  iti  a  raw  stat«  without  ill  vflbcht,  und  pieces 
Ihf  ])nrti<M]I:ir  Imiii  hml  Uhmi  oonrttiiiied  ii  »hort  time  before,  alao  with- 
out results.  Only  those  persons  who  ate  of  the  hum  were  lakiii  with 
the  very  in-eiiliar  train  of  syniploma  reenrded.  Most  of  them  were 
seized  iti  from  twenty  to  twenty-four  hours,  three  in  less  than  that 
time,  and  a  few  as  late  as  thirty-six  hours  after  eating. 

The  first  liymptoms  were  fpwtrie  ]min,  nausi'n,  and  vomiting  of  on- 
digested  fond  and  gelatinous  blackish  matters.  Instead  of  <lt:irrhii% 
whieii  one  would  expect,  there  was  obstinate  constipation  in  all  but 
two  cases,  and  the  firat  dejections,  with  or  without  cathartic*,  wei 
black  mill  visciil.  In  every  e;we,  in  frcirn  ihirty-wx  to  forty-eight 
hours,  there  were  profound  disiurbanees  of  vision,  aniphodiplopia, 
marked  dilaliulon  of  the  |)upilr>,  with  absence  of  reaction  to  light, 
ptosis  of  both  lids,  and  a  peculiar  fixed  stjiro.  There  was  humine 
thirst  with  a  strnnglin)^  sensation  in  the  throat.  Swallowing,  «vcn  m\ 
liqtiid!<,  was  diflicult  or  im]His»iblv,  and  every  attempt  wa«  aoconi{iianied 
by  decidcKl  choking. 

tn  some  instunet^^  the  jsaliva  wax  jtiippri'SHcnl  and  the  muoous  mem- 
brane dry  and  glos.sy.     The  voice  was  weak,  and  with  some  there  wa» 
total  ajihonia.    Bysuria  and  anuria  were  oommon.    There  was  but  lii 
disturbance   of  respiration  and  circulation  ;  the    pulse  never  r«l' 
over  ninety,  inspiration  wascjuiet,  temperature  normal.     Conscionsn 
and  general  sensibility  remained  intact  throuphouf  except  in  the  fa 
cases,  in  which  alone  several  hours  Ijefore  death  there  occurred  oot 
lajisi',  dyspnuia,  small  irregular  pulse,  light  delirium  and  coma. 

There  was  obstinate  insomnia  in  many  during  the  first  periixl.  Tl 
extremities  aixl  trunk  muscles  glioweil  neither  eoniplele  paralysis  tioc 
atrophy,  but  there  was  great  general  muscular  weakness,  and  slight 
movemenliv  caused  extreme  fatigue,  .\fter  two  or  thn-e  weeks  the  ey9 
ayinploins  began  to  improve.  The  dilated  pupils  began  to  enntroct^ 
the  cloudiness  to  di^ppoar,  and  the  half-paralyzed  eyelids  lo  regain 
tlieir  [niwcr.  Diplopia  di»up[K'iircd  only  when  both  eyes  were  fiX' 
laterally.  Paralysis  of  accommodation  lasted  a  long  time  after  tli« 
diaappearanee  of  all   the  other  symptoms,  and  normal  vision  did  uo1 


wholly  return  until  after  six  to  eight  months. 

Autopsy  in  two  eases  showtfl  no  characteristic  changes  in  the  oi 
only  remarkable  hypcrR'niia  of  the  kidneys,  hvcr,  and  meninges, 
softening  and  extr.iordinary  friability  of  the  stuniaeh- walls.  In  oni 
the  liver  showed  marked  degenei'ution,  and  the  brain  pnnclifom 
hemorrhages.  Neither  the  liver  nor  kidneys  showed  anything  unusua 
on  bncterin logical  exaniinution,  but  the  spleen  yielded  an  anat'-rcibif 
bacillus  which  proved  later  to  be  related  to  botulism. 

The  pig  from  which  the  ham  caine  was  killed  some  months  pre- 
viously, and  what  was  not  eaten  at  once  was  pickled  in  the  usual  wa;', 
During  llie  time  that  elapse<]  between  the  pickling  and  this  occasion 
the  graiter  part  of  the  animal  had  been  consumed  without  cAUsing  an} 
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iickniMi,  but  the  hjuii  wbidi  ws8  nmrly  iula*!*  was  tbe  lost  to  Ih-  mteii, 
Uy  oa  tbe  bottom  of  tltp  tub,  und  wsd  tbe  only  part  that  was  com- 
plou-lv  iiiitni-rs«Hl  in  tJir  woak  brine.  What  wan  left  of  it  gave  off  no 
ndor  of  pHlriJitv,  but  ha<I  u  (bsliiict  o<l(ir  like  that  of  rancid  butter. 
Tiut  till-  liniti  liail  a  bad  taiile,  was  agroinl  by  tKitrly  nil  who  ate  of  it. 
It  a|)i>carMl  iKtnnal  to  tJu-  eye,  but  vna  pale  like  any  meat  u-bicb  Itaji 
twen  aonkvd  some  time  in  water.  There  was  no  cvidenco  of  decompo- 
sitiae,  and  neither  ptonininx  nor  other  poimnouti  alkaloids  were  pmtcni. 

R*cteriologieal  examination  proved  in  different  parljt  the  presence  of 
an  liittierto  nnkiiown  .ijMire-lH-iiring  Imcilbift  in  ^reiit  abnndance,  the 
lame  organism  as  that  iEolaled  from  tbe  spleen  of  otic  of  the  victims. 
It  produces  an  extnionlinarily  virulent  toxin  wbieb  was  isolated  by 
Brieger  from  ctiltnr*-*  nuppliwl  by  tbe  discoverer,  by  whom  the  orpnn- 
iam  wa.'  named  liaeillua  hUulimt*.  The  toxin  \%  rrndiTed  inert  by  a 
tempeniliire  of  00"  to  70'^  C,  therein  agreeing  with  other  luelerial 
toxiuK  thus  far  isolated,  anti  differing  from  the  eausc  of  ordinary  nieat- 
potsoDing  from  cooked  iueiit«. 

Attempts  In  discover  t]ie  organLim  in  tbe  feci"?-  of  various  nntnmls 
and  in  GIUi  of  varioiir'  kinds,  and  in  i>|)<^-inieiis  from  where  tlie  pig  was 
maed  were  negative  in  results. 

Fe«dii>};-e)t(ierin)ents  eondueled  on  variom  kind*  of  onimaU  with  the 
nient  itself  and  with  aqueous  triturations  of  it  added  to  other  foods 
pnxlnee<),  a^  a  nde,  fatal  results  witli  the  tame  train  of  xymplonis  as 
above  mmtioued.  Subcutaneous  injections  of  the  watery  exiraet  pro- 
duoed  tlic  aame  rcvulls  as  feeding-experiroentH. 

The  aqueous  extract  in  a  Mfded  IuIk-  ke])t  in  the  dark  retained  its 
sirvngtb  unimpaired  for  ten  months,  and  small  pieces  of  the  mmt  kept 
in  eolttin-.atopjKTcd  tnU-ft  without  any  r>{H'ciiil  pn-eanliont^  retained  their 
original  virulence  even  longer.  The  poison  reaints  the  effects  of  piitre- 
&ctton,  and  proved  to  be  equally  |H>:Honi>ii>  :iOcr  fmir  diiys'  «timding 
in  a  mixture  with  feces,  decomposing  blood  and  urine,  and  tiltration 
through  p^ircelain.  A  fresh  liltratc,  to  which  were  udilod  B.  prmlig- 
iofUK,  B.  proteus  liquc  facie  lis,  B.  Ibiorcsoens  ptilridcs,  and  B.  coli,  was 
found  at  the  end  of  a  week  to  be  as  active  an  ever. 

Professor  Bricger  and  I>r.  W.  Keinpncr'  wn-cccdcd  in  isolating  the 
active  (lots'jnouit  principle  from  cultures  of  il.  /lotHdnw,  and  proved  it 
tn  lie  elosety  ri'latt^il  elK-micnlly  to  the  toxins  of  diphtheria  and  tetanu.". 
N'Xl.  Kempner*  investigated  the  subject  of  immunity  lo  tlic  toxin, 
employing  bouillon  ciillun-s  killwl  by  tin-  appHcaiionof  toluol,  culture 
filtrolrs  free  from  bacteria,  and  the  concentratetl  and  purified  poison, 
tbe  strength  of  which  was  aceurntely  determined  with  guinea-pigs. 

The  firat  experiments  in  imnnini^ing  guinea-pigs  and  nibbtti^  pnn-ed 
tliat  with  l)ii-m  active  immunity  cannot  !»•  attained  even  when  begin- 
ning with  ibe  emullet<t  [>OK>i)>b'  do»e,  sim-e  in  every  eaw,  after  n  shorter 
or  long<>r  interval,  every  animal  perished.  With  goats  it  was  found 
that  immunity  can  l>e  eonferreil  by  continued  increaatug  sulwutancous 

■  Dcalavbc  ine<lifinlfK-h<-  WocheiiHi-lirill.  1HD7,  No.  S3. 
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injeotion,  and  that  the  aerum  of  the  immunised  sDimnl  poesuwcs  a  v< 
liigli  protective  [Kiwcr,  a;*  '»  shown  \yy  the  &et  that  preventioD 
accomplished  by  injection  performed  thirty  Iioiir«  iK-fore  the  iiitn>du' 
tiwn  iif  the  ]>oiHOii,  and  thai  it  i*  manifested  also  by  direct  applicatioH' 
in  the  stomachs  of  cat«  poisoned  by  the  moiitli.     It  \\'i\!'  fcmnaal.so  that 
tiie  antiloxiu  would  cure  guinea-pigs  when  administered  twenty-four 
bount  after  inoculation  with  u  dnwe  wliicii  woul<]  he  fatal  ordinarily  i 
forty-eight,  and  even  when  decided  clinical  signs  of  poisouiDg  wi 
already  present. 

Later,  Kempner  and  I>r,  E.  Schepileweky '  began  a  research  oh  tbi 
possible  afliiiity  of  nf-rve-5iil>sliiiice  for  the  toxin  which,  as  shown  b; 
clinical  symptoms  and  pathological  examination,  exhibits  a  dcci ' 
tendency  In  certain  jioiiit^  of  the  central  nervous  system.  The 
poison  was  so  standardized  that  0.01)0005  ce.  repi-esi-nted  twice  Ibe^ 
oosi;  neeessary  to  kill  while  mice  of  In  grammes  weight  in  from  t 
to  three  days.  The  brains  of  freshly  killed  guinea-pigs  were  rubl 
finely  with  phyaiologica]  salt  solution  in  the  ratio  of  3.3  grammte 
10  (jc.,  ami  the  cord*  wertr  treated  in  a  similar  manner.  Both  emul 
aions  were  practically  neuirtd  in  reaction.  Pieces  of  the  liver,  kidney, 
spleen,  miiNi-lc^  and  marrow  were  treated  in  the  same  way,  to  be 
ior  oompariM>u. 

In  the  tlryt  M-rio«of  ex))enmentR  1  cc.  of  the  broJn  or  cord  emuisi' 
mixed  with  three  to  four  times  the  fatal  do>«e  of  the  loxin  was  inj 
under  the  skin  of  a  number  of  mice,  and  as  controls  other  mice  w 
injected  with  the  simie  amount  of  toxin  alone,  and  others  with  the  toxi 
mixed  with  the  emulsions  of  other  organs.     The  results  «liowed  ti; 
the  bniii)  »nd  cord  posscjts  and  exert  a  decided  preventive  and  cu 
live  influence,  and  that  the  other  organs  do  not.     WitJi  mixed  i 
jcction  it  WH,*  alway.^*  pn;<xible  with  1  oe.  of  the  emulsion  to  eounterai 
three  times  the  fatal  dose,  while  with  four  times  the  dose  a!v>nt  half  t" 
animals  died.     With  separate  but  simultaneous  injections  only  about 
half  of  the  animals  would  sur\-ive  twiwi  llie  fatal  dose,  the  others  dyi 
about  as  (piickly  as  the  controls.     As  a   curative  agent  in  ease*  wliei 
Uie  poison   had  bc*'n  exhibited  six  and  Iwidve  houre  previously  t 
etnuUious  did  not  give  such  favorable  results,  for  those  trt«tcd  afl< 
twelve  hours  died  as  soon  as  the  controls,  and  tlie  others  lived  but 
day  longer. 

whatever  the  pnttecting  substance  may  be,  it  was  proved  that  it 
in  combination  with  nerve-«ubstance  and  insoluble  in  water  ;  its  infli 
enee  b  materially  altered  by  high  temperatures,  but  not  by  kocpi 
sevend  days  in  ice. 

Milk,  butter,  yolk  of  egg,  and  other  animal  fats  were  tried  in 
same  way,  but  no  rcHuhs  were  obtained  excepting  with  butter  wi 
which  two  guine»-pig«  were  protected,  but  wliidi  failwl  with  other  ani< 
tnaJs.     A  thin  oil  emulsion  mixed  with  two  and  even  four  times  t~ 
fttal  dose  wax  successful. 

Lecithin   and  cholesterin,   substances   normally  present   in  nervi 
'  Zeiuchrtd  fur  Hygiene  iind  Infcctionikrjiikhvilcn,  XXVll.,  p.  S13. 
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MthMAuce,  [irovecl  to  Itavc  an(itoxi«  power  whicli  wss  unin][iitired  by 
boiltDg  or  bva^Dg;  but  quit«  lur^-  iLiiiount«  vivre  m-cciwary.  Other 
substances,  aa  cerebrin,  nuclein,  and  bile,  proved  to  be  iaert,  but  anti- 
pyria  in  Inr^T  ninouiits  tlmri  0.1(1  gniminv  (0.15  to  0.20)  provtil  nblo 
to  neutraliTo  I>.01X)0;1  cc.  of  tlie  toxin.  Given  in  doset;  of  0.10 
gimmmp,  nntipyriti  hiul  no  cflV-ot,  tbo  miiinnl^  *Iying  nt  l\w  mine  tjme 
as  the  controls,  but  when  tbe  animals  were  treated  with  antipyrin  as  a 
pp-Iiiniiiary  in.s-tin-  ttic  alniV);  <low  ivotilil  net. 

Poisoning  by  Beef. — IWf  poisoning  Iium  been  noticed  with  consid- 
enbltf  fix'<iuenvy  after  the  u.se  of  meat  from  nninml»  .ilnii^btcri'd  while 
sick,  and  it  ha»  Iwi-n  pointed  nut  by  several  observers  tluit  certain  sep- 
tic dtseaSM  of  cattle  are  especially  prone  to  render  meat  poirionouH. 
These  include  tlie  wplic  form  of  calf  paritlysia.  hfinorrbiiplc  enteritis 
of  calx-es,  septic  metriiis  of  cow.i,  variniw  intestinal  diconitrs,  tlio  sep- 
tia*-pynniic  tiiscajtwi  nn<l  a  number  of  otlicrs.  Oiiertner's  Jiari/lM  en- 
leritidig  was  ori^nally  di!^>vered  by  him  in  tbe  flesh  of  a  cow  that  bad 
bc«n  slaugbtem)  on  account  nf  ii  m-vore  di»rrb(i.>n  lUiil  in  llie  vpleen  of 
a  person  who  died  in  consequence  of  eating  it.  He  showed  that  not 
only  ihe  iKidllim,  but  al.-^o  ittt  Imilcd  bonilloii  mllnren  iire  highly  toxic. 

Many  deaths  have  been  recorded  as  a  consequence  of  eating  the 
cooked  meal  of  cows  slaughtered  on  account  of  puer|)cnil  fever,  and  it 
was  from  ouch  on  nnimnl  that  B.isc-nuu  isolutcil  the  lineilltis  6orU  mor- 
bifipan*.  This  cow  showed  such  le-sion.n  of  the  vL'tcera  that  the  director 
of  tbe  Anwterdnm  iibutloir  forbade  the  u»i:of  the  meat. 

Bssenau  '  has  examined  the  flesh  of  beeves  which  had  suocumbed  to 
■  variety  of  di«ca«C8  and  hav  iMihiled  a  nnnilter  of  specie*  of  bacteria 
bearing  a  close  resemblance  to  his  Ii,  borU  morbijicann,  all  of  which 
were  fatal  to  mice.  Some  nf  them  produec  polHononi*  matters  which 
irithstand  boiling  without  impairment  of  their  properties.  Ordinary 
iiMpectiun  being  uwleiu)  for  ithowing  whether  .lueh  m<«t  ii>  infieted,  he 
rvomnmemU  tliat  bacteriolopeal  and  fec<ling  experiments  should  be  in- 
stitute*) together  within  twenty-four  hours  aftt-r  slaughtering.  If  no 
ooloniea  are  olwervcd  nl  the  end  of  twenty-four  hours  and  no  Iwicteria 
•re  seen  in  the  tissues,  the  meat  may  be  regarded  a.-*  wnfe  to  eat.  If 
oolonii^  are  yielded,  tlie  aeeeptance  or  riji-ction  of  the  meat  must  de- 
pend upon  the  results  of  tbe  feeding  experiments.  If  the  mice  fe<l  on 
tbe  raw  meat  die  and  thofte  fed  on  the  cooketl  meat  tiurvive,  it  may  be 
ooneliiih-<l  that  the  meat  Is  safe  if  thoroughly  cooked.  If  both  die,  tlie 
toeal  must  be  unhesitatingly  condemned. 

Kroni  tlie  Urge  nundK-r  of  casea  of  i>oiaoning  dnc  to  beef  the  fol- 
lowing are  ««1ected  as  illustrations. 

Cask  I. — In  IVocnd)er,  1X41,  ov<?r  -10  cases  of  ]>oisoning  occurred 
in  New  York  IVom  eating  smoked  beef.  As  a  rule  the  syniptomH 
began  several  hours  afler  eating.  They  begati  with  pain  and  uneasi- 
ness in  the  epigastrium,  extending  to  the  buck  and  loins.  Vomiting 
and  purging  were  followed  by  great  thirr>t  and  burning  pain  at  the  pit 
of  Ukc  stomach  which  became  so  irritable  that  it  eonld  tolerate  neitlier 
)  AroUiv  (ar  UygiKiie,  X^XIl.,  \).  SID. 
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food  nor  drugs.     Extreme  [>m»trat)oii  followed,  the  fiinotiona  of  th| 
Derroiiiiimd  miisculnr  sjsU'm  bviii;;  ^ronth'  nlToclu].     One  victim  di« 
aud  with  the  ottiers  convalescence  was  extremely  slow.     Autopsy 
veulcd  nothing  beyond  intlammtition  of  the  ileum. 

Case  11. — In  May,  18KS,  at  Frankcnliausen,  58  persons  were 
wcic  l>y  eating  the  iai«l.  of  a  ww  killed  whih*  iitllit.'^^il  with  di»rrli 
and  passed  as  edible  by  the  veterinary.  The  symptoms  were  in  gcn- 
ciiil  nmmcjt,  vomiting,  dinrrhtpa,  fever,  drowsineit^,  dinxiness,  mid  great 
depression.  Tlio&c  who  ut«  the  meat  in  the  raw  etate  wore  eetscd 
withcnt  exoeption,  and  the  severity  of  the  seizure  was  directly  pi»- 
portionatc  to  the  amount  t-nten.  <>nc  victim  who  ate  n  ]x>iin(l  and  ■• 
half  diMl  within  .'l.'i  hours,  while  those  who  ate  least  suffered  least. 
Those  who  ate  the  euuktti  meat  faivd  diirereiitly.  Not  all  were  at- 
tacked, nor  did  the  severity  of  tJie  symptoms  hear  any  relatioo  to  the 
amocint  lalcen.  Thussomi-  who  aic  fi-ei-ly  innffensl  bnt  litllc,  while  veiy 
severe  effects  were  caused  by  slight  amuiiiits  of  (he  meat  and  even  Iff 
small  )>i>rtioiif  of  xiw  liroth.  Thirty-six  who  iite  tii*-  c<H>kcd  meat 
escaped  altogetlicr.  Frr>ui  a  portion  of  the  meat  and  from  the  Spleen 
of  the  person  who  died,  Cniertiier'  isolated  tlie  organism  H.  enttriddia 
vrbieli  aiiice  then  line  been  shown  to  have  boon  the  cause  of  numerous 
otlier  outbreaks. 

Case  III. — In  June,  18R!),  I;t7  persons,  including  ■'iO  cliildrcn,  \o 
and  about  Cotta,  in  Saxony,'  wore  niaile  ill  by  eating  the  meat  of  a 
oow  siniigiitered  on  .Tnne  17tli,  because  of  an  inflammatiiry  condition 
of  the  udder.  On  the  11th  ^c  had  suddenly  slop)ied  giving  milk 
and  liiid  refused  food  and  drink.  The  meat  ap]>farefl  to  b<-  noniml  in 
every  way  and  wui^  sold  on  the  day  atU-r  islaughtcr.  The  first  caMS 
appeared  during  the  night  of  tlie  day  of  sale.  Most  of  the  victims 
luul  eaten  the  mine^  meat  in  the  raw  etair,  eomc  only  aiW  it  had 
been  cooked,  and  some  had  eaten  only  broth.  The  butcher  who  sold 
it  tiuttcil  ii8  much  as  would  cover  a  knife  blade  and  suffer*-d  from 
diarrhoea,  headache,  and  abdominal  pain  for  three  days.  His  asebtaoi 
did  tlie  .-ame  and  tarwl  even  worse. 

In  one  uisc  the  syinptoinif  liegnn  with  a  chill ;  in  another  with  diffi- 
cult deglutition,  double  vision  and  anxiety;  in  the  rest  with  nausea, 
vomiting  and  diai'rli<rii,  lii-ndachc,  alxloniinal  pain,  dininc»)>,  great 
laasitude,  rostlessnesfi  or  lethargy,  and  unquenchable  thir.it.  In  many 
oa«ea  the  cyv*  were  glassy  and  the  |iupiU  iniicli  dilated.  The  tongue 
was  commonly  dry  and  coiitcd.  The  children  affected  were  extra- 
ordinarily weak  and  some  had  fever  running  as  high  iw  101.7°  F. 
The  baeillntt  isolated  by  Joliiie  was  found  by  Gaertner  to  be  not  the 
same  in  all  resjiects  as  the  one  discovered  by  himself 

Ca»e  IV. — [*oi«oniTig  by  canned  corned  beef  at  Sheffield  reported 
by  Dr.  W.  N.  Parker."  On  October  11,  I89il,  a  Bix-pound  tin  of 
corned   beef  was  opened  and  abotil  tw»-third»  were  sold,  chiefly  in 

'Corrwpcai^cni-Bliitlpr  ctcn  nlln^'mcineii  ilrjilicln;ii  ViTeiiw  ron  Thflrinjfen,  1888, 
No.  0, 

■Slut  JnlirMhoricliI  iii.-licr  dn*  Mirdicinnlwcitn  im  Konitcraich  Sacliacii,  p.  IM. 
■BritUI)  Metticnl  Joiirnnl.  Kovember  tl,  tSWi, 
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qiurler  pounds.  Bcyood  the  fact  that  tbe  meat  sfemecl  Icsa  AoUd  tlinn 
naiud  Mid  the  jelly  rather  <»\y,  nothing  uniutml  wax  iK>ti<MNl.  It  lud 
no  odor,  it»  ta^K-  wn»  iKirmid  thoiif;li  quite  silt,  and  hut  on^  coniiunier 
fotind  ils  flavor  dii^agreeablp.  So  far  as  is  kimwn  none  wlm  lUc  I'Kwpi'^l; 
24  pvtvoDS  ningiiif;  in  iij^i-  from  2  lo  89  yciirs  were  affcctetl.  The  fol- 
lowing serves  as  an  example,  though  each  case  presented  one  or  more 
symptoms  peculiar  to  iti^>ir. 

A  woniun  of  S5  ate  two  ounces  of  the  meat  at  12^10,  and  in  two 
hour!)  was  seized  with  sudden  faintnoKi,  dix/int^s,  and  dnMveineM,  fol- 
lowed liy  nauMn  and  great  muscular  weakne^  cspeeially  of  the  legn. 
PersLsteDl  vomiting  with  fre()uent  retching  ttoon  (H-curred,  mrcompanied 
by  int^DW  fVonta)  hvAfhiclie,  and  (bllowod  by  colic  whidi  waa  not  re- 
lieved by  purging.  One  hour  after  seizure  she  was  taken  tii  the  ho»- 
plbil  wlierfc  shf-  lay  on  a  omieh  in  n  rtnte  of  OdlliipKC  «-ith  her  knees 
drawn  np.  Her  face  was  pale,  with  livid  patches  around  tlie  eyes,  and 
bathed  in  perspiration.  The  .skin  wan  void  and  elninray,  the  pulse 
small  and  rapid,  the  ivxpiration  shallow,  the  temperature  subnormal, 
and  the  pupils  dilated.  Iler  .it')iuiu-li  was  wa.she<l  out  and  in  »  short 
tilW!  llu'  i«iu  and  ri't<rhitiK«ca8ed.  the  ehariicter  of  the  pulse  improved, 
drowsineiK  was  diminished,  and  only  the  headache  and  purffing  r^- 
maitted.  Within  an  huur  the  condition  of  collapse  and  other  symptoms 
reappeared  but  with  less  severity.  The  stomaoh  was  again  w-astnxl 
out  and  this  lime  tlie  g<H)d  cfrecla  wen>  |iermiincnt.  Ou  the  following 
morning;  all  that  vnts  complained  of  was  slight  frontal  headache. 

The  approximate  latent  period  varied  between  one  and  three  and  a- 
balf  hours.  Only  two,  however,  took  more  than  two  and  a-half  hours. 
Frontal  headache  was  present  in  all  hut  4,  vomiting  in  nil  but  1,  paio 
in  only  12,  niarkvd  i.vdlapi'c  in  12,  profuso  discharges  in  all  but  6. 
Tbe  initial  symptonin  were  the  same  in  all,  that  is,  drowsiness  or  gid- 
dimas  or  Iralh  logellu-r. 

Only  one  case  resulted  &tally,  that  of  a  boy  seven  years  old  who  ale 
two  ounces.  Ht8  symptoms  were  especially  severe  ;  collapse  was  very 
marked  and  he  had  to  be  stimulated  constantly.  About  ten  houre  after 
the  onset  he  liad  a  series  of  clonic  contractions  of  tlic  Hexor  muMcleit  of 
Uie  tMck,  anits,  and  iegH.  Tin.-  movements  wore  violent,  rapid  and  al- 
most Rythmical,  commencing  first  in  the  neck  and  arms  but  soon  af- 
fecting tbe  1«^  The  eyes  were  fixed  and  staring,  and  the  pupils 
widely  dilated.  AtW  lasting  an  hour  and  a-half  the  convulsions 
ecanod.  They  reappeared  in  half  an  hour,  affecting  first  the  right  arm 
■od  right  side  of  tlic  face,  but  soon  becoming  general.  The  collapse 
gradaally  deepened  and  the  boy  died  15  hours  afler  seizure.  Autopsy 
showed  notliiiig  more  tluin  a  general  hypenemia  of  the  Rtomach  and  in- 
tertinea  with  a  few  hemorrhagic  erosions  in  the  gastric  mucou<<  mem- 
bnae.  A  microswpic  examinntion  of  the  kidney  allowed  cloudy 
swelling  of  the  cortex  with  a  few  scattered  bcuiorrliages. 

All  the  other  victims  oonvalesoed  rapidly  and  were  discharged  from 
the  hospital  within  48  hours.     Stimulants  chicHy  in  the  form  of  strycli- 
nine  and  brandy  were  freely  administered.     The  meat  was  examined 
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baclorinlogically  about  1 1  hoiirtt  afWr  the  tin  wm  said  to  hav 
opeoMl.  Id  thcouk-r  [wrbt  of  the  meat  mauy  varietioi  of  organUnui 
were  found.  The  onlv  organism  pre^nt  both  in  riihurv«  from  tlie 
center  of  thv  m«it  nua  in  tho«u  from  the  surfaoc  was  tlie  bacillus  of 
Gaertner.  ^ 

Ca8E  V. — An  outbreak  at  Man^fcld  in  which  65  pereons  becamfl 
ill  afWr  eating  the  flesh  of  a  oow  slaughtered  in  consequence  of  trau- 
mfttie  jxTicanlitis  lias  beori  reijorted   b_v  I>r,  (j.  Wejscnberg. '     Only 
thaw  who  ate  of  the  mincai  meal  in  a  raw  state  or  of  the  partly  ooofe 
liver  were  affected  ;  lluijie  who  ale  of  the  well-eooked   niojit  ceca 
without  osceptioii.     The  symptoms  won?  vomiting  and  diarrhiea,  vio-' 
lent  headache  and  ahdorainat  pain,  general  mu.sciilnr  wejikni.'^,  dizxi- 
D«BS  and    laK«itude.     The  <li»churg(^'s  wore  sumetintes  greenish,  somfr- 
timea  brownish,  and  always  extremely  offensive.     With  few  exoeptioi 
the  »ympU>in!«  abattnl  in  from  three  to  five  days,  ami  all  recovered  ex 
eept  one,  and  that  a  doubtful  case  of  a  child  who  was  not  known  wit! 
certainty  to  have  partaken,  and  whose  .symptoms  might  have  been  dm 
to  other  causes. 

The  uneonsumed  meat  when  received  for  examination  vnn  alrtad] 
birly  well  udvanceii  in  dd-onipuwition  and  |)artly  maggoty.  All  ex 
eept  one  piece,  which  was  Ciintly  acid  to  litmus  pajwr,  was  alkatii>c  tl 
reaction.  Culture*  on  agar  luiil  in  bouillon  were  made  from  a  pieo 
taken  from  a  part  which  was  ajiparently  not  yet  in  process  of  deconh 
poaitjon.  Inoculation  of  the  bouillon  euhiires  and  uf  ^mall  bite  of  thi 
meat  into  white  mice  produced  fatal  ri'sults,  in  some  cases  within  front 
eight<%u  to  twenty-eight  hours  and  in  oiheriii  within  throe  day».  A 
guinea-pig  whicli  received  a  subcutaiicou!^  iujectiun  of  the  bouillon  cul 
lure  of  tlie  enisiied  meat  died  in  forty-eight  hours,  having  «lio 
marker)  lassitude  and  profiutc  diarrhn-n.  Station  idiowed  in  all 
enlargement  of  the  spleen,  which  was  bhiish-red  in  color,  strong  iiiji 
tiou  of  (he  »mall  inlesiine,  and  iunrkf<l  nihics«  of  the  medullary  so' 
stance  of  tlie  kidneys.  Oover-glass  preparations  from  the  spl 
ahowcd  fairly  long  and  broad  bacilli,  and  .some  organisnu  wcr«  dcv 
oped  on  agar  from  tlie  iiH'at  itself. 

Poisonkiff  by  Horse  Heat. — Gaffkr  and  Paak'  invesiigaied  aa 
outbreak  in  the  dijiiriet  of  l/ivrciiW-rg  which  was  known  to  involve  at 
IcMt  thirty  and  probably  more  individuals.  The  offending  material^ 
were  horse  nieul,  hone  liver,  and  Itorse  sausage.  The  pattentas  oom- 
plained  vcrv  aooa  after  eating,  in  one  case  within  a  half  hour,  of 
naUMMf  hoMache,  aKIi>miual  pain,  In^rlx^ry^ius,  diarrhoea,  dizziiKOy 
Iranbtiiig,  and  gntil  thir<l.  The  tcmiH'nituix-  ruiic  to  ItH*^  F.  Od4 
000  leri)iina(<Hl  fatally.  Bnclcriulogical  examination  revealed  a  baciK 
lus  which  difiV-nnl  in  !>oiiie  ri-^pedfi  from  that  of  Gacrtner.  This  waf 
itie  first  otitbreak  of  meat  poisoning  ever  iuv-estigatod  bacteriologicallTl 

Poiwnuiif  by  Sausages. — Sau^^igi-  has  long  Ihtu  recogniwd  as  ■ 
TUjr  oommon  c»ii»c  of  ]M>iM)ning  and  has  a  much  larger  record  of  aoci- 
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df-nts  than  «uy  oUier  ment  nr  ni«iit  coiu|ioiiikI.  TIhk  x^  due  in  Inrge 
part  to  a  very  comtuoo  practice  of  making  use  ofull  manner  nf  uuin- 
vittDg  fVagnicnbi  and  flcrapt)  nf  m<!nt,  oflnl,  and  Uie  Resh  nf  sick  and 
ill-conditionnl  animulti  in  preparing  raiii>ugc  meiil,  and  p4?rljap6  to  a 
greater  extent  u  the  extremely  unsauilarv  methods  of  maiiufaeturo  whicli 
obtaio  in  those  districts  where  this  furtit  nf  ]>oiwiiing  ts  most  preva- 
lent. In  many  instances  the  symptoms  caused  are  due  to  the  prencnv* 
of  ptomiiimt,  and  in  many  to  Ilic  contniticd  Imctcrin  an<l  their  toxins. 

In  most  instances  it  is  impossible  to  tix  the  blame  upon  aiiv  indi- 
vidual oon^itnenL,  nor  aiude  from  il.'<  scientific  iutert-.-<t  i«  this  of  iiiiy 
^lecial  importance.  Tlic  symptoms  present  us  wide  varintious  in  char- 
acter as  are  observed  in  any  other  form  of  food  poisoning. 

Cask  I. — Dr.  Tripe'  reported  in  Xovemlier,  1^79,  an  outbreak 
which  included  d-i  out  of  fiii  persons  who  had  calen  nf  a  single  botoh 
of  nuttgcs.  The  onset  wnit  ehamtrteriy.eil  by  vomiting,  purging,  and 
dtzane&s,  which  came  on  after  intervals  of  varying  length.  Tiiere  u-ii« 
extreme  weakneu,  and  many  had  severe  cnunps  in  the  k^  and  pains 
in  the  abdomen.  In  the  majority  of  eases  the  vomiting  and  purging 
la»tMl  frwm  •'JG  to  48  hours.  The  disoliargcH  were  very  oflV-njiive  and 
looked  like  dirty  wash  wiiter.  Then?  wae  murke<l  cerebral  disturbance, 
and  a  sensation  of  acridity  in  lli«  thrniit  was  eommrm. 

Oncof  tlio  victims  died,  but  the  autopsy  reviiilcd  nothing  unusual 
be^nd  a  numlter  of  red  patches  in  the  intestine.  The  remaining 
ntnagM  were  found  to  have  u  tuiriK^l  and  putrid  u«lor. 

C.\nE  II. — The  Limmetahausen  case. 

The  liver  of  n  hvaltliy  pig  wbi*  made  into  sausages  which  were  then 
smoked  for  a  number  of  days  and  hung  up.  On  the  eighth  day  they 
were  eaUn  by  a  family  and  a  numbi^r  of  invited  gm^tttt,  nne  of  whom 
objecting  to  their  peculiar  taste  refrained  frum  eating  and  escaped  the 
trouble  that  nunc  to  all  the  n^t.  The  symptomn,  which  appear(<] 
within  a  short  time,  were  tlie  same  in  kind  in  all,  but  diOcred  in  severity, 
Tbey  included  abdominal  pain,  vomiting,  dizziness,  dryness  of  the 
mouth  an<]  throat,  and  difficult  degliilition.  The  pupilrt  bismmc  di- 
lated and  vision  was  much  im]Kiircd  ami  finally  lost.  The  muscular  and 
nervoui'  syeteins  were  very  iiui<-li  affeeted  ;  the  pul»e  was  rapid  and 
weak  ;  respiration  became  embarrassed,  swallowing  and  spcttking  im- 
poasible.  Oenlli  ensued  in  three  cases,  preceded  by  great  Hvidity  of 
tl»c  rnc«  and  spasms  of  the  extii'mitiei^. 

CxnK  III. — Van  Erraengera '  relates  an  instance  in  whioli  the  re- 
maining Musageii  of  u  lot  which  had  caused  illness  in  several  persona 
were  apparently  so  whnle.some  and  looked  so  inviting  that  the  expert 
and  hii)  a«8i)itani«  to  whom  they  were  sent  ate  tliem  and  themselves 
became  lU.  The  expert  died  on  the  sixth  day,  and  autopsy  showed 
gastroenteritiis  uctite  ncphriti:^,  and  fatty  d^euerattou  of  the  liver. 
(Jacrtncr's  Badlhus  enierilidU  was  found  both  in  the  organs  and  in  the 
sansages.     The  latter  wcri?  made  of  horse  meat. 

■  Mcdinl  I'iiuM  nnd  Gnivttc.  Nnvcmber  29,  187ft. 
■BemxrHrgiene,  189U.  |>.  Till. 
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Case  IV. — Dr.  (_W1  GuntluT'  report*  llwil  in  several  places  ii 
Posen  a  large  number  of  jiersons  were  made  sick  after  eating  pork  sau-l 
rBl^i!s  nriil  bliHid,  nil  of  wnieh  ha<l  hecn  wupplifid  by  one  butcher.  Tlie 
lost  important  symptoms  were  alxloniiriiil  piitii.  vdiiiirinp,  p<i>^"S' 
gn.yit.  wi-«kiK*!*  anil  laHHitmle.  One  mnn  of  -17  years  died  after  liardlj^ 
a  day's  sicUness.  Giinthcr  examined  portions  of  the  tlceeax^  and  aL^eV 
MmpleH  of  meat  and  blimd  fonn<l  in  the  liouse,  and  sausage  and  meat 
from  tlic  shop  of  the  bTitduT,  From  the  vietim's  spleen  and  liver  he 
isolated  the  B.  mtt-rUUlU,  but  while  a  variety  of  orgnnisins  were  found 
in  the  (ixxls  this  iMietcrinin  ivn«  in't  deteeted,  pc-rhap!-  having  pertfilwd 
through  the  influence  of  the  other  species  present. 

Case  V. — ^This  interesting  ease  of  poisoning  by  Kitisage  composed 
of  pork  and  Ijcef  is  relatetl  by  L>r.  W.  Silbersoliniidt'  and  serx-es  m  on 
tlliistnition  iif  the  methods  commonly  employed  in  the  manu&cture  of  , 
Bausa^B.  Nearly  (ifly  [X'ople  wore  ]ioi«)ned  by  witing  a  kind  of  saa- 
sagft  known  in  Switxerland  as  Landjiiger.  It  is  made  of  beef,  oHcB, 
also,  horse  meat  with  pig  fat.  The  materials  are  chopped  ratbca 
OoarHCly,  spieed,  put  into  casings,  pressed  flat  for  a  day,  smoked  IwO 
days,  driiil  in  the  air  several  more  days  and  then  eaten  in  the  mil 
state.  The  sausjiges  in  this  instance  were  miide  of  (»w  hei-f  from  ani- 
mals that  had  lieen  certified  as  sound  by  the  veterinarian,  and  i»rk 
tJiat  had  been  bought  a!x»ut  two  weeks  previously  and  kept  with  pm 
eervative  salt,  and  had  appeared  quite  fresh  and  unehangoil  when  used 

In  the  morning  of  the  first  dity  that  the  sausages  were  on  sale,  amao 
and  his  wife  ate  one  of  them  together,  and  both  were  ma<le  so  sidi 
toward  evening  and  during  the  night  tljat  a  physician  was  called.     Ii 
the  afternoon  of  the  same  day  nineteen  fishernien  ate  of  ihem,  and  oi 
the  following  day  it  was  reported  that  all  of  them  had  been  made  sicfc 
Jn  the  evening  another  man  ate  one,  and  it  plejised  him  so  mueh  thai 
ho  took  another  home  to  his  wife  and  children.     On  the  next  dny  hl) 
had  alxlominal  i^Hiins,  hciidiieho,  vomiting,  diarrhcea,  thirst,  and  a  cbilLJ 
In  the  afternoon  his  wife  and  two  children  who  had  eaten  were  slmi^ 
lady  seined.     A   boatman   who  ate  two  whole  sausages  snffered  nq 
inconvenience  beyond  a  little  pain  on  the  following  day.     Aitnthen 
who  was  sick  eighteen  days  and  then  retiu-ned  to  his  work,  was  seijwQ 
again  ten  days  later  with  the  same  train  of  sympti^ims. 

One  young  man,  aged  eighteen  voars,  entered  the  hospital  in 
morning  of  ihe  sei'ouil  day,  uu<l  died  during  the  night,  two  days  and 
half  after  ingestion  of  the  sausage.  At  the  time  of  entrance  the  nb 
domen  was  sensitive,  and  he  was  passing  grayish  watery  stools ;  in  tbj 
afternoon  he  was  delirions,  and  his  pidse  was  very  small,  irrpgnlal 
and  rapid.  During  the  night  he  collapsed  and  died.  Section  aftd 
twelve  hours  showed  a  spleen  of  norma!  siw,  swollen  mesenteric  glandi 
Uld  bypcrffimia  of  the  stomach  and  intestines.  The  follicles  were  inac] 
swollen,  and  in  (lie  iienm  were  several  an?a8  fnwi  4  to  6  cm.  in  lengtl 
bj  1  cm.  in  breadth,  where  the  mucous  membrane  was  discolored  an 

I  Archiv  tiir  Hyjrifiip.  XXVlll..  p.  146. 
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vrutlif  1.     ( Hticr  oipiti*  were  uonual.     Six  othcni  of  thow  uOvclc-d  wt-re 
tUficborgeil  froto  th«  bospiUtl  after  from  seven  to  fifteen  days'  treatineiit. 

Ill  an  adjoining  U>n-ti,  n-hcre  »aiiA»g(.'S  of  thv  itiinic  lot  wore  Mild, 
there  were  sixtetn  otiier  cases,  all  wiili  the  same  sn'mptoms.  Tskingl 
all  Uie  OBses  l><gclh<r,  tlie  KviiipUfiiiH  nl'  |iniiiiiiii-iii\-  were  a.'i  follows: 
Very  Mvcre,  tiart>:)lly  vrunipy,  al>(IoDiiiiul  puiiis;  very  profuse  diur- 
rh<£a,  the  stooU  numbenDg  from  eight  to  twelve  per  day,  and  in  color 
varying  heiwoon  gmy,  greeuish,  and  yellow  ;  usually  vfnuitiug,  the  ro- 
jerted  maltere  beinj;  watery  and  hi-ownish ;  .luuken  cyea,  high  fever, 
gns-tt  laiuitiide,  tenderness  over  ulMloiuen,  LTiunpa  in  tin;  «ilv<?«,  great 
thirst,  and,  occosioiuillr,  meteorism.  In  most  of  the  cases  the  symp- 
toma  appeared  oo  the  day  iilU-r  eating.  The  (Juration  of  the  UIdcss] 
na^l  between  ouc  and  thirty  ilays,  the  greater  number  recovering  in 
two  weeks,  and  Iteconiiiig  tit  for  work  in  thrtv. 

A*  U  comtiioiily  tlic  case  in  these  food  outhrcnks,  the  attention  of 
the  aulhoritieij  was  not  drawn  to  thv  matter  in  either  town  until  some 
day«  had  eXapeed.  Cbomical  analyi^s  of  unused  sausugts  were  mode 
at  both  places.  One  analyst  re[)orled  negative  results ;  the  otlier  re- 
ported tiw  presence  of  ptocnoiiii),  l>iit  did  not  further  particulnrixe, 
Baoteriologtcal  investigation  revealed  the  presence  of  a  variety  of 
o^guaisma,  as  was  to  have  bix-ii  unttcipau-d.  and  among  tlieni,  e8|ie< 
ciiUly  nutrkMl,  Proteus  vulgaris,  but  no  specific  patliogeuic  bacteria  were 
found. 

Si  I  bench  in  id  t  calls  attention  to  the  fact  that  the  smoking  to  wliicb 
the  saiL'^ges  had  been  snbjeoted,  while  not  destructive  to  tlie  t>acleria 
of  ptitrvJitction,  waa  succirMsful  in  masking  any  unpk-usant  smell  or 
taste  due  to  the  process,  and  urges  warning  the  pubHc  against  eating 
smoked  sausages  in  llie  unc<)oke<l  state.  In  tlii^  uise  there  u-as  noth- 
ing to  indicate  that  the  animals  from  which  the  meat  was  dcrive<l  were 
not  in  a  perfectly  hi<i»lthy  conditiou. 

Hftat  Inspection  and  Slaughtering. 

The  value  and  advisability  of  thorough  inspection  of  meats  before 
they  are  placed  on  ioile  is  imivcrHally  conewled. 

In  lhi«  country  under  the  inspection  law  of  March  '-i,  IKUl,  all  meat 
inteodfd  for  export  is  rciiiiired  to  p(is.-i  a  very  strict  system  of  inspec- 
tion. The  animals  nrc  iiispt'clcd  before  being  slaughtereil  iind  their 
«arcaew»  are  eiamined  micnwcopiealty  by  officials  of  the  Bureau  of 
Animal  lndu.stry  U-foiy  being  pucke>l.  The  iiis{wction  of  meat  for 
local  consumption  is  wholly  a  matter  of  local  authority;  some  States 
have  inspection  laws  and  others  have  none ;  many  cities  have  sjieciid 
KgiilatioDS  whioli  are  enfori?cd  by  official  who  may  or  may  not  be 
competent  through  proper  training.  In  Germany  the  system  of  in- 
Ap«;tion  is  vcn*  rigid,  particularly  in  the  case  of  mentw  from  foreign 
oonutries.  This  is  due  very  lai-gely  to  the  activity  of  the  agrirLiltiiral 
interests  iu  protecting  themselves  from  (int.-<ide  compotltion,  ami  under 
the  benevolent  plea  of  protecting  the  health  of  meat  consumers  much 


care  and  attention  are  given  to  the  hunt  for  exonses  for  excluding 
t«U)  ni(.-ttt«  which  have  already  been  inspected. 

In  in8peoting  nieatii  special  attention  shntild  lie  paid  to  the  oonnen- 
tive  tissue  and  gliiiidiil»r  orsaiis.  The  odor  of  ii  careiiM  should  be 
sweet  and  the  nioal  should  communicate  no  unpleasant  .iinell  to  a 
wo(Hlen  skewer  thrust  into  it  and  withdrawn.  The  niusoJes  should  be 
firm  and  elastic,  but  not  tough.  Any  variation  from  the  natural  color 
should  be  regarded  with  suspicion,  very  dark  cnVtr  i^Uf^rcsling  febrilo 
condition,  or  that  the  animal  was  not  slaughtered,  or  was  slaughtered 
in  a  dying  condition.  Such  meat  undergocH  decomposition  much  more 
rapidly  than  normal  meat.  Animals  that  have  been  drowned  or  have 
been  killed  by  accident  without  being  bled  yield  a  dark  and  discolored 
im-at  tliiit  is  likely  to  deoompofe  more  rapidly  than  that  of  unim 
that  have  been  regularly  elaiigbtered,  hut  an  animal  that  haa  been  in- 
jured, Ijitt  not  killed,  may  be  sUuglitert-d,  pro]K>rIy  bled  and  dres»eil, 
and  ita  meat  is  then  perfectly  good. 

In  most  large  communities  the  slaughtering  estahltshmcntj^  arc  few 
in  number  and  arc  under  the  direct  sii|>ervision  of  public  ofiSctab. 
Thus,  in  Paris  there  are  but  three  slaughtering  bouses,  namely,  Vil- 
lette,  GR-nellc  and  Villejuif,  and  at  these  three  places  during  the  year 
ISW,  ;J0n,243  head  of  stock  were  slaughtered.  In  small  places,  on 
the  other  hand,  where  less  attention  is  jmid  to  insjicction,  the  slaught- 
ering establishments  are  commonly  more  numerous;  in  the  country 
difltriels  when;  no  inspei^tiou  is  carried  on,  eiu-b  butcher  may  do  hii 
owti  slaughtering  in  his  own  establtshmcnt. 

Animals  should  be  kept  without  food  for  at  least  twelve  hours  before 
slaughter,  and  the  carcasses  should  Ijc  hung  for  a  number  of  hours  to 
coot.  Many  diseases  are  more  clearly  indicated  after  the  body  has 
cooled. 

The  Jewish  method  of  slaughtering  is  regarded  by  many  as  far  su- 
perior to  any  other.  Awwiiling  U>  Dembo  '  it  is  the  most  rational 
from  a  hygienic  stund|>oiut,  since  the  animal  is  nipidly  and  completely 
bled,  and  the  convulsive  movements  cause  the  meat  to  be  more  tendi 
and  of  uioR'  attractive  appearance.  Lactic  acid  is  devclojK-d 
through  itfl  chemical  action  on  potassium  ]>hosphate,  potassium 
tate,  and  acrid  phosphate  uf  ]iotas?ium  are  formed.  The  latter 
ders  the  development  of  micro-ot^nisms,  delays  the  formation 
ptomaius  and  other  poisonous  nmtter*,  and  iinpnjves  the  tJi.sli^-.  Kigor 
mortis  comes  on  more  quickly,  and  the  meat  is,  therefore,  more  quickly 
available  for  use,  and  also  will  keep  several  days  longer  than  ordinarily, 

A  process  of  shuightering  originating  in  Denmark  appears  to  hav« 
borne  the  test  of  a  hard  three-months'  trial  in  a  verj-  satisfadoty;' 
manner,  and  rocummends  itself  for  adoption  in  the  tropics  whv 
meats  <lecompose  with  exceeding  Ripidity.  The  animal  is  shot  in  tb 
forehead  and  killed  or  stunned,  and  as  it  fulls  an  incision  is  made  ovci 
the  heart  and  the  ventricle  is  opened  for  two  purposes : — to  allow  th- 
blood  to  escape  and  to  admit  of  the  tn)ootlon  of  a  solution  of  «alt 

■  IXrutechc  Vicrtcljuhm-hrill  fur  /•fi«ntHe1i«  (i«ai]ndh«ili>pfl(-^  XXVI.,  p.  688. 
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tbroi^fa  ihe  hlood  ve^els  by  the  aid  of  n  powerful  syringe.     The  proc- 
ess reqiiirr*  but  tt  fevf  miiiut«s,  und  the  carcasa  can  be  cut  up  at  ODoe. 

EOOS. 

5ggi  fonn  a  valuable  aubslitute  for  nival«i,  being  liiirly  rich  !»  fata 
protvide,  and  are  well  iiilnplcd  to  the  §tDiDach  uf  the  invalid  and 
coDN'slesoent  when  roeaU  cannot  I>e  bomc.  The  nutritive  part  of  tlie 
while  is  pnicticnlly  limited  to  protoidB  which  umount  tu  alH>ut  12  p«r 
wnt, ;  the  yolk  is  richer  in  proteids  and  contains  in  addition  about  33 
per  of\i\.  of  fat.  The  nllniiiiiu  of  the  wliili.!  i»  iu  a  condition  of  hoIu- 
tioD  in  cells  with  very  thin  walU.  The  &tty  miittcre  of  thi-  yolk  are 
in  a  oonditiun  of  i>-mulition,  iK-iiig  hold  in  dUii{>enHiQn  by  the  vitellin. 
Th«  entire  yolk  is  held  together  by  an  enveloping  membrane  and  is  hus- 
pended  in  the  white,  twing  held  in  [x>sitinn  by  an  albumiuoua  band  at 
either  cod. 

It  ia  a  commonly  accepted  idea  in  some  parts  of  the  cunntry  that 
eggs  with  brown  shells  arc  of  greater  richnoiw  than  others,  and  tJiat 
the  decree  of  richness  is  directly  proportionate  to  tlie  depth  of  color. 
Id  some  m»rketi>!.  on  the  other  hand,  the  whiu-  i^g  is  held  in  higher 
esteem.  According  to  the  results  of  an  extensive  study  of  tlie  chcni- 
icnl  o>iti position  of  egg»  enrric<l  on  at  the  ('ulifornia  Experiment  HtJitton 
maialy  for  the  purpose  of  determiuiDg  what  difTeruiicctt,  if  any,  exist 
between  them,  there  w  no  basis  of  fact  for  the  popular  belief,  lu  fact 
the  veiy  slight  differences  noled  were  in  favor  of  the  white  eggs,  but 
the  average  differcnei-s  between  the  two  kinds  were  less  than  the  flne- 
tuations  between  individual  specimens  of  the  i*«ine  i^roup.  The  figures 
obtained  are  presented  in  the  following  table  taken  from  Karniert' 
Bulletin  No.  87.' 

AKALYSia  OF  BaOWK-SUULLRD  AND   WHITE- SHE LLKD  £UU8. 


WMar.     PtouId.        FH.       A*b.      SMI     Total. 


Bnttnrtkttltd  tftfi  : 
Yalk. — 

Wbitt 

Etaiin  tfx— 

U'liltt-4Jkell*4  mat! 

Yolk 

Wblw 

Eotirv  qw 


pvrci. 

6e.oo 

66.67 

49.81 
86.  <T 
64.79 


tnrse. 
15.58 
11.99 
11.84 

15. 4D 
12.  U 
II.IU 


pcrot 

S3.52 

.21 

10.77 


S3.S4     1.05 

.36      M 

11.221    .67 


pnat. 

1.04 

.54 

.64 


parnt. 
10.70 

10.02 


pnM. 
06.73 

09.52 


00.42 
90.62 


The  qiwstioD  of  influence  of  hreed  on  composition  has  been  inverti- 
galed  at  the  Miehignn  Kx)>crinK-nt  Slution.  The  ri'snittt  hKowmI  tiiat 
the  variations  in  compoailion  are  too  slight  to  be  of  any  practical  value, 
wid  as  with  the  brown  and  the  white  oggn,  so  slight  ns  to  be  h'.si*  than 
the  varialiona  between  individual  specimens  from  the  same  breed.  The 
influence  of  the  nature  of  the  fwd  was  also  investigated  and  found  to 
be  of  little  or  no  importance, 

'GuTcrunient  Priming  OUioe,  WmJiinf^on,  ISOD,  p.  24. 
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Tho  digestibility  of  cgg^  lias  boeo  Etuilied  at  the  Minnesota  Kxperi- 
ment  Stntion.'  It  vra.'i  stiowii  timt  while  tlie  method  of  cookiog  bu 
some  effect  on  the  nik-  of  digi-stion,  the  total  dip^Hlibility  i»  not  affected. 
^gH  boiled  'A,  n,  aud  'Ifi  luintitc^  aiid  digeiiled  for  five  boura  with 
pcpein  eohitiuii  showtnl  nt  the  vxpinitioii  of  tlint  timr  ri.\i|>oclively  8.<1, 
3.9,  nod  4.1  jiercent,  of  im digested  pmteids.  Cooked  for  five  luid  t«Q 
tninutcti  in  wntt-r  at  180°  P.  uiid  similarly  treated  tli«y  lefl  no  tinili- 
geated  residuum. 

LARD. 


I 
I 


Lard  is  the  semi-solid  fat  of  the  Hlaiightered  hog  separated  from  tht 
timiiea  bv  the  iiid  of  Iiciit.    Acoonling  to  the  psirts  from  wliicli  it  ia  de- 
rived it  in  classified  as  follows  :  (!)  Neutral  lard.    This  ia  derived  from 
the  fpoi'h  le«f  whidi  is  reduced  to  u  pulp  after  being  twoW  and  tl»en 
rendered  iu  the  kettle,     A  part  of  the  fat  is  separated  at  from  10-^°  to_ 
120°  F.  and  the  n-sidiie  is  »ent  to  the  R-nderiiig  tanks  for  further^ 
treatment.     Tlie  lanl  obtained  is  washed  Achilc  hot  with  water  contain- 
ing a  trace  of  sodium  ('arlKiiiati\  coniiuon  suit,  or  dilute  acid.     {2) 
Leaf  Inni.     This  is  obtained  from  the  residue  al»ovc  mentiomfl  which 
is  sTibjected  to  steam  hi^at  under  pn'ssurc.     (.3)  Clioioe  kettle  rendered 
lard.     Thia  is  obtained  fRini  the  remaining  portions  of  the  leaf  to- 
gether with  the  fat  cut  fivtm  the  hacks.     Bf>th  the  leaf  and  back  ftt 
arc  pui^itl  fintt  tliroiigli  n  pulping  machine,     (4)  Prime  steam  lard. 
This  is  made  from  the  head,  the  fat  of  tlie  small  intestines,  trimmtnga^fl 
and  other  fatty  partj*.  ^^ 

Tlic  ^)leeu,  pancreas,  trachea,  and  all  other  refuse  parts  and  trim- 
mings with  the  exception  of  tlie  .small  inloatine,  the  liver,  lungs,  and 
part  of   the  heart  go  into  the    rendering   kettle    for  wluit   fut   there 
rosy  be  in  them,  and  the  product  is  variously  but  not  graphieallyfl 
designated.  " 

"  Itefined  lard  "  is  a  terra  used  to  designate  a  lard  composed  cliiefly 
of  col  Urn  oil  aiiii  ^iiijinn.     !(  is  inure  oftin  known  n»  "  lard  componnd. ' 

Physical  and  Ohemical  Properties  of  Lard. — At  4u°  F.  t\w  sjieeifio 
gravity  is  about  .8!in  ;  nt  tOO",  about  .«60  ;  it  differs  not  very  mate-^ 
rially  from  that  of  the  sribatances  used  as  adulterations  excepting  cot- 
toa-sced  oil  which  is  notiitily  heavier.  The  melting  point  ranges  from 
.30.1  °  to  44.1'°  C.  ucoonling  to  the  part  of  the  carcass  from  which  the  fat 
is  derived  and  hence  It  cannot  be  taken  aa  a  pafe  guide  in  the  dctermi- 
nation  of  purity.  fl 

Pure  lard  melted  and  mixed  wnth  strong  sulphuiic  or  nitric  acid  will^ 
give  only  a  slight  color  which  may  be  yellowish,  pinkiith,  or  inclined 
(o  light  brownish.  (Jotton-.seed  oil  and  other  seed  oils,  and  mlxturta 
containing  them,  similarly  trciilcil  yield  any  color  betwu^'n  yellowish 
brown  and  very  brotvnish  black  or  even  black.  The  refractive  indox 
of  pure  lard  is  materially  lower  than  timt  of  cottou-sved  oil. 

Pure  lard  contains  only  traces  of  volatile  fatty  nclda.  5  grams  yield 
ing  an  amount  which  is  nentralized  by  one  or  two  fifths  of  a  cc. 
•  Parnitft'  Bulletin  No,  87,  Uovcrnnic-nl  Priming  Office,  Wellington,  1889,  p.  25. 
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dednurtnol  wdium  hydraio  mlulion.  The  nou-vointilr  fatty  acidn  arc 
pKsent  to  the  extent  of  about  'JH  (tcr  cviit.  The  iodine  absorption 
numl)cr  varies  noconiing  to  the  jmrt  of  the  cait-a^n  fntni  wliioli  iW  fnt 
is  derived,  but  averages  about  tJO.  Tlic*  ioiiiiii-  munlicr  of  cotton-aeed 
(m1  in  attout  lOy,  and  tfiat  of  xlcnriD  is  approximiitely  20.  Thus,, 
theire  fiubstauccs  used  ua  adulterants  niny  be  inijEtil  in  sucb  a  propor- 
tkn  as  to  yield  the  normal  iodine  number  uf  lurd. 

With  nitrate  of  silver  solution   pure  Ian)  cau.'tes  no  mure  tfaui 
very  .•ili^lite.-il  aniouiit  of  re<luctioii  and  );i^iieRilly  none  at  all,  but  < 
COO-eeed  oil  cnuscs  a  very  markod  reduHiou  of  the  salt  to  the  uietallio ' 
state  with  the  result  that  the  mixture  hiLi  a  brownish  or  black  appear- 
ance from  the  minute  bhu-k  partieles  formud. 

A  small  amount  of  lard  dissolvt'il  in  a  mixture  of  efjual  partH  of 
aluohol  and  .otrong  elhi^r  in  a  test  tube  and  allowe<l  tu  stand  in  a  cxml 
plaee  will,  when  the  solvent  is  in  large  |)art  ovajwrated,  show  m^utsea 
of  cryivtuls  which  on  examination  under  the  nucrofiiMpi-  are  bwii  to  b« 
rhombic  and  extremely  variable  in  size.  Beef  stearin  similarly  treated 
ebows  fan-shaped  and  diimbbell-«liupi-<l  ehtHterx  of  needle  erytitala. 
Mixtures  of  puir  tard  and  beef  stearin  will  shnw  both  forms  of  ery!<> 
tab.  Sometimes  when  ery^tallimtifni  pri>wi-d»  rapidly,  the  crystala 
fVoni  pure  Inrd  are  extremely  small  and  are  cluslered  lu  such  a  way 
as  to  be  distinguished  from  beef  stearin  cry»talH  only  with  great  diffi- 
culty. It  i»  essential  that  the  crystal!  izirijf  pnwess  should  proceed 
slowly  and  that  the  amount  of  lard  dissolved  in  half  a  test  tube  of  the 
solvent  »linuld  U-  ipiilc  small,  not  liiri^er  tliun  a  large  ]>en.  Tlie  moutii 
of  the  teat  tube  should  be  stopped  with  cotton. 


Section  3.     BULK  AND  MILK  PSODUOTS. 
MILK. 

Milk  is  a  solution  of  sugar,  mineral  matter,  and  prottnds,  with  other 
proteids  and  fat  in  suspension.  Its  composition  is  very  variable  not 
alone  lu  l>elween  different  :>[)cdei4  of  miimumliii  by  which  it  is  pro- 
doced,  but  as  between  different  individuals  of  the  same  specien. 
Among  the  domestic  animuU,  the  tutu  and  mare  produce  milk  which 
most  e1u«dy  approximates  that  of  woman  in  cum))Ositinu,  but  our  chief 
iuierest  in  mtik  as  an  article  of  food  in  general  use  lies  in  tliat  pm- 
ducMl  by  cows  and,  to  a  certJiln  extent,  in  thiit  of  goatj*,  which  is  very 
similar  in  composition.  While  the  com|tositjon  of  milk  of  otlier  ani- 
nnls  tluin  those  already  n>entionc<l  uui  have  fur  mo»t  uf  us  merely  a 
seientiGc  Interest,  it  may  lie  of  some  praetical  utility  in  the  manage- 
ment of  breast-mitk  to  bear  in  mind  that  the  milk  of  niiiiiials  whose 
diet  is  largely  or  cbieHy  meat  is  richest  in  lhu§e  elements,  the  proteliU, 
that  are  most  commonly  at  the  liotlom  of  dif^i^tive  disturbances  in 
bn-asl-fed  ehddrcn. 

Composition  of  Cow's  MUk.^The  (!oni])osition  of  milk  of  average 
good  quality  may  be  fairly  expressed  in  round  numbers  as  follows; 
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Frt 4.00 

8ng«r. 5.00 

Proteids 3.30 

Mineral  matter 0.70 

Total  solids laOO 

Water. 87.00 

100.00 

According  to  Vieth  the  average  oompoution  of  over  120,000  eam- 
ples  analyzed  in  England  was : 

.    Fat tlO 

Solids  Dot  fat. 8.80 

Total  golidB. 12.90 

Water ■  67.10 

100.00 

The  average  of  a  large  aamber  of  analyses  made  id  this  coiuitiy 
showed' — ' 

Fat 400 

Sugar 4.86 

Proleida 3.30 

Mineral  matter 0.76 

Total  eolids. 13.00 

Water 87.00 

100.00 

The  milk  yielded  by  426  cows  from  private  farms  in  Massachnsetts 
and  by  175  more  belonging  to  public  institutions  was  analyzed  by  the 
author  and  his  associates  and  found  to  give  the  following  results  :* 

426  cows  from  private  farms,  total  solids. 13.36 

175  cowB  from  public  institutions,  total  aolidil. 13.00 

601  coB-a  (both  claasea),  total  solids 13.26 

Pat. — The  fat  of  milk  exists  in  very  minute  globules  which  vary 
widely  in  size,  the  largest  being  between  6  and  7  times  larger  than  the 
smallest,  but  the  latter  are  most  abundant.  Whether  or  not  they  have 
an  albuminous  envelope  is  a  matter  of  doubt,  the  evidence  for  and 
against  being  about  equal,  and  of  no  great  importance. 

It  consists  of  glycerides  of  10  different  fatty  acids,  5  of  which  be- 
long to  the  non-volatile  and  5  to  the  volatile  class.  The  glycerides  of 
the  former  group  constitute  by  far  the  greater  part.  They  are  stearin, 
palraitin,  olein,  myristin,  and  butin  ;  the  last  two  are  present  in  very 
minute  amounts.  Those  of  the  latter  group  give  the  characteristip 
butter  flavor.  They  are  butyrin,  caproin,  caprylin,  caprin,  and  laurin ; 
the  first  two  are  the  important  ones  and  together  amount  to  somewhat 
over  7  per  cent,  of  the  whole  fat ;  the  other  three  are  present  in  but 
small  and  insignificant  traces. 

The  fat  being  the  lightest  part  of  the  milk  tends  to  rise  to  the  sur- 
face when  the  milk  is  allowed  to  stand,  and  then  forms  a  layer  which 
we  know  as  cream.     This  contains  not  fat  alone  but  all  of  the  con- 

'  American  Kiperimcnt  Slution  Record,  V.,  No.  10. 

'The  detniled  nnalviea  H-ith  data  as  to  breed,  nature  and  amount  of  feed,  etc.,  c«n 
be  foimd  in  tlie  pnmpliiet  insiivd  by  (he  Slate  Board  of  Health  :  Results  of  Inquiriea 
Relative  to  the  Quality  of  Milk  as  Produced  in  Masxachusetts.    Boston :  February,  1887. 
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•tituentg  of  the  milk,  and  is,  therefore,  ^mply  milk  contatnii^  an  ex- 
ceeeivc  nmouDt  of  fat. 

It  is  a  ooinnion  error  to  regard  tho  depth  of  llic  cream  layer  which 
formi>  on  gtandiD^;  u  p'vcn  kitf^h  of  time  as  an  iiifallihie  mm-itire  of 
the  richneas  of  the  milk  by  which  it  ih  yieldoil.  But  tlic  oreum  docs 
not  always  rise  well  iii  rich  milk  even  after  standiiig  more  than  2'l 
hours.  The  author  has  repeatedly  tbund  the  pprceotagc  of  en^km 
llirown  lip  I)y  a  specimen  of  milk  in  »  100  cr.  priiduute  id  24  hours,  sa 
measiired  by  the  lines  of  gruduation,  to  be  less  thmi  tlie  actual  jierwnt- 
agcof  fat  H»  shown  by  imiily^is.  Tbr  nipiiliiy  with  wbioli  Hiv  fat  finds 
its  way  to  the  sur&oe  depends  largely  upon  the  size  of  the  fat  globules, 
Tlie  largeiit  rise  fintt,  and  the  very  Hniallei*t  may  not  ri.te  at  all.  In 
th«  second  place,  a  watered  milk  throws  up  its  fat  more  quickly  than  a 
normal  specimen  thongh  it  doea  not  eimtain  an  much.  It  appearn, 
tberefort,  tliat  a  milk  of  iiiferinr  grade  may  under  j«>me  ciniumstimccs 
show  a  deeper  oream  layer  than  one  of  unusual  richness.  Generally 
spcttking,  however,  n  rich  milk  will  usually  show  it«  (inality  on  standing. 

The  lint  part  of  a  milking  is  always  poor  in  fat,  the  midillc  portion 
contaiiiH  alxxil  tiie  iivttragi'  nmuunt  of  the  wlioli-,  and  the  last  portion 
is  always  the  richest.  The  6rst  portion  is  known  as  "  fwre-niilk,"  the 
laat  as  "ictrippingt."  A  specimen  of  "^trippings"  analyzed  by  the 
aalbur  gave  the  following  results : 
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FW.™ _ ».82 

Bant. ~ - 4.00 

VMd^ 4.31 

Adi.„ _ „ 0^79 

Touitoiid*. ™. iH.sa 

Wutt .^1.18 

lo6:iK) 


HUk  Sugar, — I^aetnite,  or  sugar  of  milk,  is  peculiar  to  milk  nlone. 
It  is  much  k-ss  soluble  in  water  than  dextruiti>  and  ?ucn>:ie.  Heated  to 
100-131°  C  it  becomes  changed  in  color  to  brownish,  and  at  higher 
tempernliires  Ioao^  water  of  c-ryi>tal1iKfltion  and  undergoes  further 
change.  At  ITTi"  C.  lactocaramcl  is  funned.  When  heated  in  snl«. 
tioa,  in  milk  ItM^lf  for  example,  it  begins  to  undei^  decomposition 
cbaogBS  at  70'  C.  and  above.  Through  the  action  of  the  lactic  fer- 
meota  it  gives  rise  to  laclio  acid.  In  the  polariscojie  it  is  dextro- 
mtari*. 

Prot«ids. — ^The  greater  part  of  the  proteids  of  milk,  about  80  per 
cent.,  i«  eaiicin,  or,  a8  it  i*  sometime*  eallod,  easeinogi'n.  It  contains 
both  sulphur  aad  phosphorus  aud  is  in  intimate  combination  with  cal- 
ciuin  phoisphnf.  It  i^  not  coagulated  by  heat,  but  is  precipitin ed  by 
acids  by  which  the  combination  is  broken  up.  In  the  presence  of  lactic 
acid  in  ^niall  amounts,  due  to  the  breaking  up  of  lactose,  coagulutiun 
is  ba8toi>e«)  by  the  application  of  gentle  heat.  This  phenomenon  is 
very  commonly  obeerved  in  the  case  of  milk  which  to  tlie  taste  is 
ap[Mirt'nlly  sweet,  but  which  is  "just  on  the  turn." 

The  chief  part  of  the  balance  of  the  proteids  is  iactalbumln.     This 
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lA  ooagutated  by  heatmg  to  65— 7:t°  C.  but  not  by  dilute  uctds. 
conlAiiu  sulpliiir  but  nu  |>bi.n<])b(iriii>.     Iti  nmount  it  raoges  from  0.S 
to  O.S  per  ceut.     It  is  much  more  abundant  in  coluiilruin. 

Tbtt  reumitiiiig  [troteids  are  laotoglobulin,  whioh  is  ooogulatod  hj 
beat,  Iact»prot<^'iti,  c<Ki|^lablc  by  neither  iK'nt  nor  dilute  acid«,  and 
fibrin,     l^ach  exUto  in  but  very  t^niall  aniountfi. 

Mineral  Hatter. — Tliv  iQini.-nil  luatlvr  cuntiiinod  in  milk  conAista  of 
[>ho§|)halt.'B  ami  chlorides  of  potassium,  sodium,  calcium  iind  nutgnmium, 
and  oxtrumttly  miniit«  traci-.i  of  irtui.  Of  tbe  biu^e.'t,  potas^iuni  is  the 
most  abundant,  witb  caldum,  sodium,  and  mat;nc»ium  in  ttic  order  _ 
given.  The  pliO!«|>hat&i  prerlomiiuite  over  the  cliloridef.  Part  of  th^H 
calcitun  vxisl«  in  oonibiiiiitioii  as  phuspliati-  with  the  (UbH-in,  and  ]>aft 
of  the  luugnesiuui  in  combinatiou  with  cilnc  and  other  organic  acids. 
Li  wry  nriiall  aniounls  these  arc  iionnal  ouni>tituents  of  milk  of  varioui 
auimala.  In  human  milk,  dtric  acid  is  present  to  the  extent  of  about 
0.0^  [tvv  cent.,  and  in  cow's  milk  it  is  hIh^uI  throe  times  a.-*  abundant. 
Specific  Qr»Titjr. — The  specific  gravity  of  cow's  milk  of  normal  con- 
]H>sition  nuigt^  from  l.O'i'i  to  l.(K14.  It  incrfiast'.s  very  slightly  for 
about  5  hours  aAcr  the  milk  is  drawn,  and  then  bi.'comcs  stutioiuir}'. 
The  increase  is  believed  to  l>e  due  to  molecular  modification  of  the 
oa&ein  and  nut  to  the  escupc  of  gai^os.  It  is  lowered  by  fat  an<l  wiiter, 
mod  by  the  presence  of  bubbles  of  sir,  and  is  raised  by  removal  of 
eieam. 

BoMtlon. — When  freshly  dniwn,  milk  shows  the  so-called  amphoteric 
rcuction,  that  is,  it  is  acid  to  litmus  and  alkaline  to  turmeric.  The 
alkaline  reaction  is  intensified  on  wunniuf;,  bnt  the  acid  reaction  is  not 
iutliieneed  thereby.  On  standing,  the  alkaline  reaction  is  overcome 
by  the  lactic  acid  which  is  gradually  fonncd  fn>m  the  suf^tr,  and  the 
acid  reaction  is  increased  in  const-qucnee  of  the  same.  The  origiDal 
koid  reaction  ia  due  to  the  presence  of  phoKphates,  the  alkaline  to 
alkaline  i^arbonates.  Human  milk  is  normally  alkaline,  and  that  of 
eainuvoiTi  is  acid. 

Appearance. — ^The  normal  apjiearuuce  of  milk  is  too  familiar  to  ntyed 
description,  but  under  certain  rare  abnormal  condition.^  milk  nuiy 
assuiiie  different  colors  including  blue,  yellow,  violet,  and  red.  These 
-ehaiivcs  of  ct»lor  are  due  to  the  action  of  certain  bacteria  and  are  always 
•ridenOGof  unsanitary  condition.-"  to  which  the  milk  is  exposed  at  th«^ 
dairy  or  during  diatribuliun  and  stomee.  ■ 

Blue  milk  is  <lue  to  the  action  of  the  Bfrciflit*  riianoff/-nfs  which 
pToduow  ft  blue  color  in  no  other  food  material.  For  its  development 
It  TMuiwa  tlie  presence  of  lactic  fernienis,  and,  therefore,  hiw  no  effcol 
on  milk  that  is  sterile.  .\u'>tli<r  orgiiuism  capable  of  producing  the 
MllK  ell'ect  ift  n.  n,>m>-oj}M,r>«:eu^. 

A  wd  color  may  be  caused  by  li.  jx-otltijiosM  or  B.  ladi*  erythro- 
o««.  wmrtimes  by  l.h»-i.  «i»l.  [t  is  -^id.  by  madder  and  other  red 
!io»OTing  matU-r  in  the  feed,  \cllow  is  caused  by  B.  «</n.mri(/i.«,  and 
vtulet  b»  B.  riodiortie.  ... 

Att  nf  tl»«*  ■bnonoal  milks  are,  aside  from  thoir  umnvitmg  appear- 
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.  Dofit  for  fuod  noce  tliey  nrv  likely  to  cause  gntro-intefltinal 
irritation. 

Another  nbnomial  condition  cau.«d  by  a  Iftige  vAriptT  ororj^isms 
is  dtaractcrizi-d  bv  nltrnition  of  the  nnturul  consist^nee  to  one  of 
BliminrHS  nhicti  apjwars  only  same  bouis  after  the  milk  b>  dniwD. 
Slimy  or  "n>py"  milk  t)irowi>  up  iw  ercum  au<l  oiutiot  be  churned, 
but  Lhotigh  it  is  most  repugnant  to  the  senses  it  causes  no  digestive  dift- 
tuilNU>n-s  ifinf^-MeJ. 

9*Kbt. — The  8avor  of  milk  is  very  eenBibly  modiSed  by  the  cliarao* 
t*r  of  llie  feed  nnd  by  U»e  ahsiiq)lion  of  ga^i^s  and  volatile  luitttt'ra  of 
all  kinds.  It  is  very  reudily  iiScctcd  by  tuniipH,  garlic,  wild  onion, 
mouldy  hay  and  grain,  distiliery  itwill,  and  damaged  rotten  i!mit*gc. 
IHsttUery  swill  not  only  ain»o«  a  deciilcdly  Imd  lluvor  but  may  in  ad- 
dition, and  contrary  to  a  generally  accepted  idea,  cause  an  alcoholic 
milk.  Thus  aixvnling  (o  H.  W.  WVIIcr,'  it  xninple  of  milk  dori\Td 
from  oowH  fed  on  distillery  refuse  containing  5.!H)  per  cent,  of  alcohol 
yielded  in  addition  to  a  high  pmporlion  of  milk  solids,  0.96  per  ocnt. 
by  weight  of  aloohol.  The  milk  was  complained  of  on  acaount  of  an 
ODpIeiunnt  aAer-tastc. 

That  nieuliol  or  something  cr>nncc-ttHl  tiicrewitli  may  bo  vliminutcd 
io  milk,  is  oltown  also  by  a  case  reported  by  Vallin.'  A  nursing  in- 
&nt  was  Mised  with  oonvuUioiw  with  great  r^tlnrity  on  Mondays  and 
Thursdays,  but  was  quite  wci\  on  all  other  davs.  Investigation  showed 
that  th«'  wct-nursi.'  mi  Sundaytt  and  Weihic?«i«_vs.  her  "  dayu  out,"  wiw 
in  the  hfthit  of  drinking  froeiy  uf  alcoholics.  The  curtailment  of  the 
privilt^  was  followt-d  by  cli.snpj>enmuce  of  the  diffioultr. 

Bittemas  of  taote  may  be  due  either  to  some  constituent  of  the  feed 
or  to  bcxru^rin.  Whi-n  due  to  feed  the  taste  is  bitter  from  the  very 
first,  but  when  caused  by  bacterial  agen<-y  it  develojw  iwnic  lime  after 
milking,  wlten  the  organi?»ms  whicli  produce  it  have  Imd  the  opportu- 
nity to  act  upon  tlic  protcids  or  whntcver  coustitiu-ut  may  bcconc«rned. 
It  may  be  due  alao  to  inflammatory  conditions  of  the  udder,  in  which 
case  it  may  or  miiy  nut  Ih-  notici'alile  when  the  milk  \»  fr(>shly  dmwn. 
The  bacteria  concerned  in  producing  bittcrtiera  mity  exist  in  the  ducts 
of  ll»c  teals  or  may  come  from  stable  filth.  r>amman"  mentions  a 
ease  in  which  the  persistently  bitter  liislo  diMtppciirrd  iiOcr  the  floor 
of  tlie  stable  was  cleaned  and  disinfected  and  the  ducts  of  the  teats 
ringed  out  with  disinf^-cltint  M^lnlion.  Strcuig  imielling  di»<infeetanla 
inot  be  used  in  dairies  becouHc  of  the  readincsx  with  which  milk 
will  abiujrb  odor*.  This  iilisorptive  capacity  is  sio  well  recogniifed  that 
milk  is  commonly  stored  in  separate  coniparlmuita  of  rcirigerutors 
sway  from  foods  which  evolve  di.'ttinct  odors. 

Colostram. — The  milk  secretcil  hcfon*  nnd  in  the  wrly  stage  of 
Im-tittiou  IS  known  as  wdn-ttrum.  It  Is  a  yellow,  suniewlint  viscid  fluid 
of  strong  odor  and  acid  reaction.     In  ciim)>ottition  it  diffent  very  ma- 

•  Foncliunnlwri elite  Qber  Lcbcnsinlttel,  eli.,  1807,  p,  30(1. 

•  Rnran  d'llyiponp,  1896,  j).  9E3. 

•  DKitM.-b(>  llifcranllichc  Woch«»chrift,  1887,  So.  I. 
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tcrinlly  rrom  milk,  [tiirticularly  in  it«  provntiigi'  of  protdd».     It 
tains,  aotnetimefi,  so  large  a  percentage  of  lactalbutuin  ant)  Inctoglobuli 
that  it  is  coagiilntwl  by  iKiiling.     Itj*  wntcntof  rawein  i$  about  noi 
but  it  is  not  coagulated  by  rennet  or  at  most  ini{)orfvctly.     In  them 
Hta^cii  ils  siifjnr  in  ilextrowr  and  not  )a<:t<iHC.     Acoording  to  Tiemani 
it  ningoB  in  (Specific  gravity  from   1.02f'y  to  l.OoiM,  in  fat  from  IP.. 
to  U.'iH,  in  proti^idn  from  \XA^  to  21.78,  in  aiih  from  0.82  to  1.25, 
iu  total  solids  from  1:2.93  to  32.9:{. 

Under  the  microseojie  it  shows  large  corpuacles,  known  as  ooloeti 
corpiisck's,  wbifb  dienpiivar  within  two  wucks  at  nio*t  a&er  the 
of  calving. 

Changes  Produced  in  Milk  by  Boiling. —  itoiling  causes 
coaleiieetice  of  tbe  fat  globulc)^,  clmogGK  in  the  clmructer  of  the  »i 
coagulation  of  tai-lftlbumiii,  attd  destruction  of  micro-ot^nisms 
fcrnifnts.     Boili-d   milk,  therefore,   will   kwp  iK-ttor  than  mw  mi 
The  scum  which  fnrnis  on  tbe  surface  is  largely  fat  and  casein 
lactnlbuinin,  and  occitre  in  nonsciiucno*  of  rapid  t-vaporation  at 
point.     Boiled  milk  is  sligbtly  leas  readily  digested  than  raw  mi 
and  sour  milk  is  uior*-  rcmdily  digc^U-d  than  either. 

Ohanges  Due  to  Bacterial  Action. — At  onlinun.-  tcinpcnitn 
railk  siMiii  bi'j^iii.s  to  lunk-rgo  iliaiigis  initiated  and  carried  along 
various  spcMcs  of  Diicro-urgiintsms  wbicb  exist  in  the  ducts  of  tbe  i 
or  fall  into  tbe  pail  from  tbe  external  surface  of  tlie  udder  or  surrou 
ing  [>art«,  ur  from  the  air,  or  from  the  hands  and  cloUies  of  the  niilke 
or  which  are  already  present  in  the  pail  or  other  vessel  into  wbicL  (1 
milk  is  received.  Tin-  moat,  coninton  change  is  brought  about  by  t 
lactiu  fcnni-nts  of  which  more  than  a  hundred  sjiccies  have  alreai 
been  identilied.  They  attack  the  milk  sugar  and  cause  the  forroatiil 
of  Wtic  acid  wlilcb  on  acoumiduting  in  ?iut1icieiit  nmotint  c»ii8ie«t  U 
milk  to  curdle.  Tbeir  multiplication  proceetls  most  rapidly  at  ten 
peratitres  ranging  frum  25  t*i  30°  C.  Tbcn^rfrue,  in  order  to  inhib 
their  action  as  far  iks  (wssible,  milk  should  be  cooled  without  delay  ai 
kept  in  storage  at  low  temperature. 

In  addition  lo  tbe  lactic  ferments  there  are  others  which  are  knoil 
as  oiAcin  ferments.     These  produce  a  substance  much  like  rennet  in 
ttction.     They  may  ai^t  in  the  absence  of  the  lactic  ferments,  mul  th< 
their  action  isncconipunicd  by  the  development  of  alkalinity. 

Under  ccrtaiu  conditions,  in  addition  to  changes  in  taste,  eolor,  an 
consiatency  already  not«d,  intensely  poisonous  benxcue  derivatives  01 
formed,  the  most  iniportjint  of  which,  diaxobenzene,  called  by  ita  dil 
coverer,  Prof.  V.  C  Vangban,  tyrotoxici>n,  is  the  exciting  cause  of  tb 
train  of  symptoms  commonly  known  us  milk  poisoning,  cheese  poisoi 
ing,  nod  ice-cream  poisoning. 

A  number  of  other  organisms  oont<tituU)  tlie  gi^up  of  so-calli 
butyric  ferments  many  of  which  are  of  the  class  of  casein  ferment 
They  cause  the  production  of  butyric  acid  in  the  decorajtositiou  of  pi 


teids. 


■ZcdUchrift  fur  (ihjrsologiwhd  ChdRiip,  ISDS,  p.  363. 


iltlK  AAD  atlLK  PRODUCTS.  79 

la  conaeqaeooe  of  the  action  of  Uie  \*arioua  species  of  orgaaisms  it 
is  tmporUinl  that  booterin  in  general  i«hoiiId  be  cxcludct]  av  cumplchfly 
SB  possible  from  tnillc  by  the  olHiervance  of  the  utmoat  cleauliaeas  in 
milking,  handling,  and  storing.  The  milk  of  cows  Htallc<]  in  badly 
veutilated  uncleiLn  stables  and  of  cowi^  with  unclean  udders  will  deoom- 
poae  much  tiitire  nijiidly  Lliiin  tiint  of  (nmn  kept  under  hetk'r  i^iiiiitAry 
cooditioDK.  Even  when  the  cow  and  her  Hurroundings  are  kept  in  a 
cleanly  state,  the  very  lirgt  part  of  a  milking  .should  be  rejeeted  on  ac- 
ooutit  of  the  very  Urge  numbers  of  bacteria  pivsent  in  the  ductis  of 
the  teats.  Under  even  the  bent  of  ooiiditioos,  niaiiy  bacteria  are  pres- 
coi  in  frwhly  dmwn  milk,  ami  tluTse  iucri-asc  rapidly  in  uiimbtT  un- 
less killed  by  the  action  of  heat  or  other  germioidea.  Indeed,  it  haa 
been  found  iniims-iible  in  the  majority  of  experiment*  to  obtain  sterile 
milk  even  when  the  greatest  precautions  have  been  observed  to  ex- 
olttde  extraiieoa'*  organi»nu.  The  B.  aoti  oonvniinui  is  almost  always 
pmcnt  in  raw  milk. 

The  lirBl  part  of  a  milking  is  richest  in  bacteria  because  tho«e  whinh 
have  niuttiplit'^l  within  the  ducts  of  Uie  teats  since  tlie  previous  milk- 
ing are  expelled  mostly  with  the  fore-milk,  but  even  the  very  la,st 
{xinion^  of  llie  i>1  ripjiingM  may  contain  ns  many  us  500  bacteria  jkt  cc. 
Thus,  SchultE'  found  in  the  6rst  portions  of  cow's  milk  !)7,24U  |>er 
Oft,  in  the  strippingt*  500,  and  in  goat's  milk  78,718  and  665.  For 
the  nttainmcnt  of  the  best  results  as  to  keeping  qualities,  all  dirt 
should  be  brushed  from  the  cow  before  milking  and  the  udder  and 
flank  tdluuld  Ite  dumpcm-d  in  unlcr  that  duitt,  line  dirt,  and  bacteria 
may  be  retained  in  »itu,  and  not  fall  into  tJie  milk-jiail.  Thi^  should 
always  be  perfectly  cloan  before  use. 

The  difierence  in  the  number  of  bacteria  which  fall  into  milk  when 
proper  precautionx  are  ubscrved  ami  when  tlioy  are  nt^lwtcd  is  very 
coBsidcrable.  Thus,  8oxhlet  found  that  the  milk  of  a  cow  with  a 
dirty  ndder,  stalled  in  a  dirty  stable,  kept  sweet  'lO  hour!>  ut  ordinary 
tciDpenture,  and  that  when  her  uddor  was  washed  and  she  was  milked 
ID  the  open  air  it  remained  sweet  a  day  and  a-half  longer.  Still  more 
instructive  are  the  results  obtuined  by  l)r,  It.  G.  Freomnn,'  who  ex- 
posed plates  of  equal  siKe,  ti.^  inches  in  diameter,  for  two  minutes  as 
follows :  one  in  llic  0|)eii  air,  one  inside  a  biirn,  and  a  third  in  front  of 
the  loilk  pail  under  a  oow  in  the  same  barn  while  being  milked.  Tlie 
first  showed  6,  tlie  second  111,  and  the  tliin)  1,^00  colonies.  Such  a 
number  of  Ixtcteria  falling  upon  so  small  a  surfaw.'  within  so  short  a 
time  is  an  index  of  the  Guorniou!<  number  which  may  full  into  the  pail 
during  the  time  required  for  a  oompletc  milking. 

The  hastening  of  deoomposition  processes  by  improper  liandliug  aud 
by  storage  nndcr  unsanitary  conditioii:^  13  a  matter  of  such  general 
knowledge  as  to  require  no  specific  illustrulion. 

FfMerration  of  Milk. — ^The  kec-ping  <iuality  of  milk  is  influenoed 
by  cold,  which  retards  the  growth  and  multiplieation  of  bacteria  which 
bring  about  decomposition  ;  by  beat  which  destroys  tliem  ;  and  by  pre- 
■  Archtf  for  HvKivne,  XH'..  p.  SOO.  ■  Mcidkul  U«coH,  March  S,  181)0. 
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•crvative^  which  either  kill  tluna  nr  ivtard  tli^r  growth.     Pr«9ervatii 
by  cold  is  iu  insny  r«;pe(.-tfi  preferable  to  either  of  thi:  otlivr  ntftb 
The  noDstitueiiti)  are  in  no  way  altered  in  obaraoter,  there  is  no  c 
in  digtMttibililr,  iind  nu  4^'U'm«iit  'm  introduced  into  th<;  8%-8te<n  with 
milk  to  exert  any  Iiarmfut  influence  upon  the  digestive  prooeasee. 
placTK  wliuiv  kv  i"  cx[)i'n^iv<'  or  w>t  ubuiiiiiblv,  thi.'*  mothod  w 
available,  but  where  it  is  cheap  and  plentiful  it  is  the  one  in  most 
mon  u-se.     In  «ome  part^of  Kuro]>e  milk  h  froxen  into  imiid  blocks 
the  amtnouiu  procees  and  shippi<d  in  that  form  to  mnrkcL     A  Ihi 
part  of  the  milk  supply  of  C^ojtenhagen  is  received  from  a  distance 
large  uir-l!^)it  ains  into  oiicb  of  whivh  a  block  of  frozen  milk,  n'vighii 
about  25  pounds,  is  placed  to  keep  the  milk  in  which  it  floats  at  a  Uy 
tempontturv. 

Preservation  by  heat  indudes  pasteurisation  and  sterilixation. 
pMtciiruation    the  whole  bulk   of  the  milk  in   heated   to   not  o 
ISS"  F.  (70°  C),  mnintuincd  at  that  temperature  for  10  or  IS  minu 
and  then  cixiled  rapidly  in  order  to  pre-serve  the  fresh  flavor  and 
vent  the  multiplicntimi  of  »iieli  of  the  boctrriit  »»  )(ur\'ive.     Tbe  Ic^i 
of  time  required  for  the  destruction  of  bacteria  \'arie8  with  the  tem| 
turc  (inplovttl.     Tims  about  70  per  oent.  of  sapropbytie  bane 
killed  in  an  hour  at  140"  F.,  in  lo  minutes  at  160^,  in  10  minul 
158",  in  ft  minutes  at  IIG",  in  2  roiniites  at  I'JA",  and  in  I  minute 
303",     It  is  e«»ential  that  all  »pp»nita<  awl  vessels  u«ed  in  cool)! 
and  storing  shall  be  clean  and  sterile.     This  process  Ls  quite  suffi 
for  ail  pnicticjil  puriMMiii  and  hygii-nic  requin-mritls  unles  the  milk 
to  be  kept  for  a  longer  time  than  usual,  in  which  case  it  most  be 
peatcd  at.  the  end  of  24  boum. 

Temperature*  i)i);her  than    l-IS"  F.  cause  tlie  milk   to  acquire 
eooked  flavor  which  to  many  persons  is  disafrreeabte.     According 
Dr.  H.  Hitutr '  all  (lathogeDS  in  milk  are  killed  with  nli'mliiti^  ix-rtai 
by  ejpwure  lo  6K°  C.  (104.4"  F.)  for  a  half  hour,  and  the  milk  is 
tered  thereby  in  neither  apjteanuice  nor  ta.«le.     Under  ordinnry 
oomstaunis  '20  minut<V  exjxMiire  i»  quite  sufBcient     Some  aulhoritii 
astert  that  temperatures  of  140  to  147"  are  quite  high  enough  for 
purpose,  Iml  I*rofes:*or  Theobald  Sraitli '  hiw  idtowii  tlint  ivliile  titberch 
IwcilU  are  destroyed  within   20  minutt^  at  140"  F.,  the  formation 
•  sarfaoc  pellicle  into  which  they  are  carried  by  fat  globules  shicli 
them  from  the  Ihai  so  that  tlicy  may  survive  an  exposure  of  over 
hour  to  149". 

The  lactic  ferments  are  all  very  easily  destroyed,  but  ^ome  of  tl 
casein  femicnt*  ftr>'  very  nr^MHtant,  and  their  ¥i»ore»  still  more  so,  an 
are  not  killed  by  boilittg  for  a  number  of  hours  ;  and  it  i»  lo  tlic  prcseni 
of  Uhm  hardy  varieties  that  the  difliculty  of  oomplote  steriliEatioB 
diw. 

Sterilintion  requires  eoutinuous  beating  under  pressure  for  abofl 
two  hour*  at   120"=  C  (248°  F.),  at  which  temperature  not  alone  t^ 

)Z»itKhrUl  rat  llvKvine,  VIII.,  p.  34a 
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hoctcriu  and  Uidr  ti{Kin.>!»  nro  <Ic«ln>>-c<1,  but  tho  nonnsi  amteanittco  and 
taste  of  th«  milk  aa  vrott.  Part  oT  the  sugar  ia  ooDV«rt«(l  to  caramel, 
part  uf  th«  GOAcin  U  pri>oi|titat«tl,  anil  tho  milk  w-ill  tio  loagcr  form  a 
oob»iive  ooagulum  with  rennet. 

In  the  opiuiofi  of  many  |»niGtitii)iittrM  iicilhor  piksloiirizntion  nor 
Bt«nluatioo  is  free  from  ubjcction  in  infant  feeding  since  even  a  tvmpor* 
ature  of  l&A"  F.  influences  the  nutritive  value  injuriously.  To  meet 
this  objection  Frtwmnn  '  (iropows  that  tliecrram  be  allowed  to  rifle  and 
tben  Ix-  removed  and  aubjecteil  alone  to  Meriliuitinn,  afti-r  which  it  may 
be  mixed  in  |>P)pcr  [iroportion  with  ibr  ifkimmixl  milk  which  containii 
only  a  very  small  number  of  bacteria,  since  about  9\t  per  c<'iit.  of  them 
art  ouried  upward  inb>  the  cream  layer  by  tlic  fat  globulea. 

Preserratioa  of  milk  by  the  addition  of  antiseptics  1.4  unnerte^iMiry, 
anjtwtiAable,  and  pnnAibly  iiijiirion.4.  If  milk  i^  properly  drawn  (ram 
decently  clean  animals  into  ciran  vcasck  by  clean  mtlkcri^,  and  ittored 
in  dmn  pbce^,  it  will  keep  tiweet  quiu^  lu  long  under  ordinary  ciivum- 
stancea  and  under  tlie  uaunl  conditions  of  frequent  delivery  an  is  desired 
by  the  condumer.  The  ad^Ution  of  anti.-teplic.*,  which  only  retard 
growth  of  bnctcriii  wiitioiit  dcslroyinK  them,  enables  the  vendor  to 
supply  ftlale  milk  in  place  of  fresh,  and  to  dispense  with  pitrt  of  the 
sanitary  precautiuiis  other^viMi  neccw^nrv.  The  substances  used  are  by 
00  mewu  wholly  innocent  in  their  action  on  the  human  Mystem  eveo 
ID  veiT  «mall  thise*,  and,  mfirr-over,  it  'nf  im|Kissiblc  to  control  the 
sniouDt  added  by  a  single  individual,  or  to  be  sure  that  ^ucceeslve 
handlcn  havu  not  contribntt-d  a<lditi<<ii.il  <Ioh<-h. 

The  sobsianocs  used  as  milk  preservatives  are  boric  acid,  borax, 
ulicylir  acid,  formaldehyde,  tnrlmnate  of  8odiuin,  and  chromat«a.  The 
first  two  mentioned  arc  generally  used  in  eombinution  with  each  other, 
exjH-rivnM-  having  itbown  that  the  mixture  is  more  efficient  than  cither 
alone.  Tbe  minimum  efiieieiit  c|uanlily  of  the  mixture  is  about  10 
gndoa  to  tbe  tjuart,  an  amount  which  even  for  an  adult  may  well  be 
regarded  as  a  fairly  large  medicinal  done.  In  uddition  to  its  action  on 
tbe  general  system  it  exerts  a  var)'ing  effect  on  the  digestion  auenrding 
to  the  amount  piwwnt.  Aoeordiiig  Ut  I'rof.  R.  H.  Chittenden,  borax 
retarda  the  amytolytic  action  of  saliva,  boric  acid  in  amounts  less  than 
oiM  per  cvnt.  fas-ors  it,  and  hoih  increa^;  gastric  digt^tion  in  Hmall 
atnoODts  and  retard  it  in  Inige. 

Tl>e  aat'  of  salicylic  acid  in  milk  is  not  extensive.  It  is  a  lairly  ef- 
ficient preservative.  Konnuldehyde  hiw  <ronie  intip  nw  nithin  a  few 
years.  It  is  a  most  efiicient  preservative  and  not  alone  inhibits  growth 
but  kilU  the  bacteria.  Ai-cording  to  te)>t,«  mode  by  Dr.  t".  I\  Wor- 
eeeter,*  one  port  of  commercial  formalin  in  100,000  of  milk  will  post- 
pofM<  the  curdling  point  G  houni ;  1  in  5)1,000,  24  hours  ;  1  in  20,000, 
48  boup-:  1  in  IO,f)00,  l^A  ht.tirs ;  I  in  5,000,  l-'.fi  himrs. 

Although  nothing  is  known  as  to  the  action  of  small  amounts  of 
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formaldehyde  on  tlio  f't^'ncral  system,  it  in  not  riglit  to  sssumc  tint  i 
tilt-  abscncp  of  evidence  to  the  contrary  it  ia  necessarily  hannles 
benetidal.  While  the  occasionnl  ingestion  of  a  »m»\\  aiuoiint  of 
maldt'hydv  muy  produce  do  effect,  we  cannot  reason  that  its  daily 
over  a  long  period  of  time  will  l>e  efjiially  non-productive.  An 
eionnl  drink  uf  wuUt  containing  lend  will  do  no  injury,  while  iu  dail; 
use  may  cause  lead  paralysis,  and  in  the  same  way  fitrinaldehyde  m: 
be  (he  clause  of  sorions  distnrltunci*  attributed  to  Homethiug  else. 

But  whether  harmful  or  not,  the  use  of  this  agent  and  of  otbeis 
unnecessary  and  unju.«dliitVile.  Aside  from  its  possibly  poiwDoiu 
tton  there  is  the  objection  that  it  alters  the  character  of  the  milk 
teid.t ;  the  casein  liei^onies  uncoagnlable  by  rennet,  exce]>t  in  ihiek  ci 
and  much  less  digestible,  or  wIkjIIv  indigestible,  by  the  proteolytic  Si 
ments.  Certain  it  is  that  anything  that  lays  additional  burdens 
the  digestive  function  of  infunts  and  invalids  can  hardly  be  n^rded 
a  proper  substance  for  use  in  food.  Dr.  H.  E.  Annet '  aftf^r  a  study 
fornmldehyde  and  boric  acid  as  milk  pn*crvutivcs  concludes  that  tl 
are  injurious,  eaperially  to  young  infants,  and  suggests  the  {mssibilily 
a  cau.sa]  relation  between  their  use  and  the  great  infant  n)ortfdity  dui 
ing  the  hot  montlis. 

Carbonate  of  ."todinm  i.'*  a  weak  agent  and  docs  not  postpone 
position  to  an  extent  sufficient  to  cncoumgc  its  wide  adoption.     So 
aa  is  known,  there  can  he  no  objection  to  its  use  on  tlie  score  of  inji 
«scept  in  so  fur  as  the  aswrtjon  that  sodium  lactate,  formed  by  its 
composition  hy  the  free  lactic  acid,  acts  as  a  mild  cathartic,  is  worth; 
of  crodcnw. 

The  chromalcs  are  not  extensively  employed,  but  have  been  fouB 
present  in  pri^servalive  ]»wders  n.sed  in  France.  M,  Deniges' foan 
the  normal  chromatc  uf  potassium  in  two  of  these  pre]ianitions,  aa 
the  dichromate  and  chromatc  together  in  a  third.  The  latter  vi 
reoommnKled  in  tlie  pro|)ortioii  of  two  grams  to  50  liters  of  mill 
According  to  J.  Froidevanx '  such  an  amount  of  jiotassium  dichromal 
18  insiiffieient  to  retard  coagulation  and  impartj^  an  abnormal  inteu 
yellow  color  to  the  milk.  I 

The  further  di.icnssion  of  the  subject  of  milk  preservatives  may  a 
looked  for  below  un<ler  the  general  snbjetl  of  food  pR'Scrvativcs. 

Adulteration  of  Milk. — This  most  important  article  of  food  is  moP 
subjef^'t  to  adultenition  than  any  other  sintw  it  lends  itselfso  rwidilyti 
fraudulent  manipulation.  The  principal  adulterations  arc  the  add itioi 
of  water  nnd  the  abstraction  of  cream.  The  former  diniiniislies  tb 
nutritive  value,  and,  if  the  water  used  is  from  an  unclean  source,  iQ 
creases  the  po.iNibility  of  disseminating  disease  ;  the  latter  rolw  the  mill 
of  one  of  its  most  valuable  constituents.  The  direction  of  these  adnj 
terations  by  analysis  is  not  always  possible,  since  a  rich  milk  may  b 
slightly  watered  or  oidy  iinrlially  skimmed  and  still  sliow  average  qtd 
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itjr.  Again,  even  tbougli  the  watering  be  fairly  extensive,  it  cannot 
ftlwnv»  Ik  proved  that  tite  milk  v,-ai<  nnt  or  low  grade  from  natural 
causes,  since  some  oows  give  milk  which  on  annlysis  is  far  below  avcr^ 
age  gCKxl  milk  ami  hcare  every  reAcmlilanec  to  wutorcnl  milk.  Further, 
1  milk  containitig  but  very  little  fat  may  he  naturally  poor  in  that 
ooostilnent  nr  may  lie  tl>e  first  part  of  n  milking. 

In  c<jnsn|uencc  of  lliv  difficulty  of  proving  the  addition  of  water  or 
abfitractioD  of  cream  and  beeaiLoc  of  the  enormouK  importance  of  Mccur- 
ing  a  public  iiipply  of  nt  lcau<1  average  good  quality,  nio§t  Slates  have 
fixed  legal  slaottards  to  which  milk  intended  for  sale  mnM  conform. 
T)m!  >>titii<lanl  fur  lotnl  soli»U  in  commonly  13,  12,.j,  or  \'l  percent., 
sod  for  fet,  3,  3.5,  3.7,  and  4  per  cent.  By  the  adoption  of  a  legal 
standard  all  milk  of  low  grade,  whether  m  by  ronton  of  fraudulent 
pradioea  or  because  of  poor  feed  or  individual  [>eculiarity  of  the  cow, 
must  be  treated  alike.  By  prohiMting  the  sale  of  all  milk  not  of  n 
certain  grade  it  becomes  unnecessary  to  prove  fraud  or  criminal 
knowledge,  tlic  ftllegation  of  inferior  quality  being  ^uKtaincd  by  the 
rauilts  of  the  analysiic. 

Other  fonns  of  adulteration  include  the  addition  of  coloring  matters 
for  the  pur|MHM'  nf  (inni-iiliiig  w:ili-ring  nr  i<kimming,  or  to  give  a  creamy 
lint  to  a  very  white  milk,  and  the  addition  of  preservaliveH,  and,  oecu- 
nionally,  of  other  foreign  »uh»ilatie(«. 

It  is  a  common  belief  even  among  people  of  more  than  average  in- 
lelligen<-e  that  milk  us  found  in  the  market  i;4  very  Inrgfdy  a  mixture 
of  ehnlk  and  vrstcr.  Upon  what  this  foolish  tradition  is  hosed  it  is 
difficult  to  surmise,  since  even  though  a  pei-son  wr're  led  to  pmctioe 
Mich  n  miserable  fraud  he  woidd  discover  that  chalk  and  water  will 
Deed  constant  stirring  to  maintain  even  the  outward  semhianoe  of  milk, 
and  tliat  a  few  minnleA'  ttlanding  is  siillicicnt  for  eumplote  sepsnition 
into  a  deposit  of  chulk  nnd  a  fiiirly  clear  supernatant  liquid.  A  lo.SM 
oomtnon  but  etjunlly  ii)it<ur<l  niiti<iii  thnt  ciiKv.h'  bralnis  are  a  d.immon 
adnilcrnnt  of  milk  arose  about  half  a  century  ago  Irom  a  report  of  a 
mioroscopical  examination  of  a  milk  sediment  in  which  certain  parti- 
clea  were  detected  which  bore  some  rest-mblance  to  ncr\'e  tissue.  Calves' 
brains  do  not  lend  themselves  readily  to  the  making  of  emulsions,  the 
supply  iit  liniiteii,  n»d  they  Bnd  u  fairly  good  mtirket  in  their  true 
character. 

Cane  migar  in  said  to  have  boen  found  at  rnfc  intervals,  and  gelatin 
is  uocasionally  usetl  as  a  thickening  for  cream. 

CONDENBED    HILK. 

Condensed  milk  in  ])rfi)are<l  by  evaporating  milk  to  about  a  third  or 
a  fourth  of  its  volume  in  vacuum  pun«.  It  ik  Hi>Id  in  hulk  for  immcdi- 
nle  lye,  and  in  liemielii'ally  w-ali'd  tin  cans  for  use  as  oecusion  demands. 
Most  of  that  M>U1  in  tins  is  made  from  skiiunie«l  milk  and  is,  thfrefore, 
vtTf  deficient  in  fat ;  and  mnch  of  it  contains  a  large  proportion  of  cane  H 

sugar  which  is  added  to  increase  it8  keeping  qualities.     Condensed  ^| 
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milk  ia  in  many  reapecta  an<]  under  rwrtain  cwnditions  a  valuable 
prepnmtion,  but  U»  use  in  iiifiint  fix-ding  wUon  other  milk  is  obuinablc 
18  not  a  wise  one,  sinoe  it  its  delicieiit  id  one  of  the  tooet  importaot  ele- 
iDent«  nod  contains  another  which  ts  not  a  normal  oonstttuvnt. 


KOUMISS   AND    EEFIB. 


I 


These  are  fermented  preparations  containing  lactic  and  carbonic 
■citbt  iinil  u  smitll  ntiimiiit  of  nh-obo).  Tliey  are  prwliioed  tlimugli  llie 
action  of  niicro-urgauiiunB  which  induce  fermentatiro  cltan^^  and  brii^ 
al>out  n  partial  conversion  of  the  proteid.i  t«  nlhnmo^ii  and  peptonet. 
Both  hatl  their  origin  in  Kn^ia  where  tlii-v  have  bc«n  in  use  for  very 
man}'  yeai-a.  Koumias  la  generally  made  from  the  milk  of  marea,  but 
can  be  mmie  from  thnt  of  (Xiw»  with  the  iissistunoc  of  nddod  sumr. 
Kefir  is  more  commonly  made  from  the  milk  of  cows.  Both  are  eoer- 
vcsoont  liquids  having  mmowlmt  the  tiwleof  butU-r-milk.iuid  arc\-alu- 
able  in  the  feeding  of  the  aick  and  of  those  with  impaired  digestive 
function.  TIk*  "  ki  fir  graitin "  nn-  .small,  hard,  granular  parlidc* 
which  contain  the  requisite  orgiimsms.  They  are  added  to  the  milk 
allor  being  itonked  until  tioft,  and  their  action  id  completed  in  two  ot- 
three  days. 

OEEAM. 

Cream,  as  alrca<ly  slahxl,  may  be  ilclined  u  mOk  containing  a  lat 
cxocsr>  of  fat  and  correajmndingly  lacking  in  water.  The  oegree 
richness  ix  dependent  ii[>on  the  method  employed  in  it«  vcjiurution  from 
the  original  volume  of  milk.  That  obtained  by  the  common  metitod 
of  Bkimming  coiitiiias  onlinariiy  aliimt  16  to  21  per  cent,  of  fal,  while 
that  separated  by  the  centrifuji^d  machine  coutaini)  from  20  to  upwards 
of  50  per  cent,  noednling  a.-i  the  nwK'liine  i.t  regulated  for  "  light  "ot 
"heavy''  cream.  The  latter  is  so  tliJck  as  to  give  n»c  to  a  common 
notion  that  corn  Atarch  i^  used  as  an  adulteration.  This  snl)titnnce, 
however,  is  rarely  if  ever  useil  in  lliiM  way,  lielatin  u  employed  as 
an  adiilt^'raut  to  a  limited  extent.  A  preparation  largely  advertised  to 
the  tnide  nt  one  time  as  a  "  cnaini  ihiiikeiiei"  wa»  nnalyjiwl  by  tlw 
author  and  found  to  bo  a  mixture  of  gelatin,  borax,  and  boric  add. 
The  tiomnioii  adultei-ants  of  cream  are  preservative?!  and  coloring 
^ents.  The  former  are  imcd  mostly  during;  tiie  hot  months,  tite  latter 
dnring  the  tv^jnter,  when  on  account  of  the  diiferenee  in  feed  the  cream 
has  not  the  chanteleHi'tie  yollow  tint  so  highly  prized. 


Milk  as  a  Factor  in  the  Spread  of  DUease. 

Milk  may  act  as  ii  carrier  of  tliscase  or  cause  of  functional  disturb-' 
Knee  through  infectious  or  poisonous  matters  originally  present  or  re- 
ceived or  evolved  during  handling  and  diHtribution.  Thus,  milk  may 
be  poisonous  by  reason  of  matters  derived  from  the  feed  or  of  .^lub- 
atanccs  formed  aftrr  it  is  drawn  ;  it  may  contain  orgiinii<m!i  of  various 
kindR  connected  with  bovine  diseases ;  it  may  become  contaminated  la 
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Tuioiu  vni>-B  vritli  matter  oontuining  the  exciting  caiwe  of  various 
buman  diseases. 

PouoQoaa  TtEOt. — Ortaiii  piaaU^  iiitoji  by  cows  may  cause  milk  U> 
bemnie  unfit  for  drinking  because  of  toxic  propertjea.  Poison  ivy 
(Khiu  toxiiTKli-iidrun),  for  exiuiipiv,  caul's  in  cowit  n  (.-undition  kuuwn 
M  "  trembles  "  during  the  continuance  of  which  their  milk  is  said  to 
oauK  wven  gastric  »ymi>tuini«  willi  groat  wrakiiOKS.  Thv  nirtsl  pronii- 
OSDt  eymptotns  are  psin,  nausea,  vomiting,  coDstipution,  und  subnormal 
temperature.  If  Iht-  milk  l>o  lioiUtd,  the  [xiiMiiiiiUH  |>ropt'rliri*  an-,  de- 
stroyed. The  leaves  of  tJie  common  artichoke  are  eaid '  to  cause  ab- 
dominal pain,  vomitiI^^,  and  diarrhn^i. 

As  slolwl  on  a  previous  puK*^'>  """'  '""y  undergo  u  pcciilinr  form  of 
decomposition  resulting  in  the  pro<)uction  of  an  intensely  violent 
pOtsou,  A  hf'ii/.i;iie  derivative^  known  us  tyrotoxteon.  FortuiiaU'ly,  this 
is  a  quite  uncommon  change,  but  it  betrays  to  the  consumer  no  sign 
of  ltd  occurrence  ut  the  time  of  drinking.  The  otTccls  produced  are 
varioits,  and  are  well  illustrated  by  the  following  cases  ; 

CjUiK  I.— Rejwrted  by  I)i-.    \V'.   K.  Newton  ami  Mr.  S.  Wullnce.' 

()n  August  7,  IHSii,  24  guests  of  a  hotel  ut  Long  Branch,  and  19 
of  another  at  the  same  place  were  taken  sick  soon  at^er  nupper  witti 
Uk*  Miuie  train  of  symptuios,  which  were  iiauKca,  vomiting,  cramps  and 
culUpee,  drynees  of  the  throat,  and  burning  sen.tation  in  the  o>sopha> 
gw;  in  maDycwcs  there  wti^  nlim^iieeof  diarrhcrn,  und  in  ih' vend  there 
WIS  active  diairbcea  and  no  vomiting.  Many  liad  violent  vomiting  fol- 
lowed by  oolUpiie,  ami  a«  a  rule  the  tiauiien  mid  vomiting  were  pcr- 
•stent  and  otwtiiuitc  and  accomputited  by  a  tendency  to  exhaustion 
and  coUapoe.  A  week  later,  30  giie.tt3  of  i^till  anollier  hotel  were 
wtzitl  in  precisely  the  same  manner.  The  onset  occurred  in  from  one  to 
(bur  hours  after  eating,  but  in  one  instance  the  symptoms  appeared 
ainuktt  immcdiutvly  uft^rr  drinking  about  u  (luurt  of  milk. 

Inventigatioa  showed  that  the  trouble  was  due  wholly  to  milk,  for 
only  tlie  milk  drinkere  were  mjvd  and  tliuse  wlio  had  no  other  food 
were  the  worst  sufTerers,  The  three  hotels  were  served  by  one  dealer 
who  made  two  deliveri<.-s  daily.  Thi?  milk  of  the  weond  delivery  wa« 
the  catue  of  iJte  mischief  in  each  outbreak.  It  wns  drawn  at  noon,  and 
without  being  cooled  at  all  was  earted  eight  miles  in  the  heat  of  the  day. 
The  oiwi*  were  h<.-altliy  nnd  well  fed.  In  a  jKirtion  of  the  milk  that 
caused  the  third  group  of  cases  the  presence  of  tyrotoxicon  was 
demniLit  rated. 

Casr  II. — Tills  WBfi  a  most  extraordinary  outbreak  limited  to  a 
&mily  consisting  of  father,  mollier,  son,  and  daughter,  of  whom  all 
but  tJie  6n*l  metilioned  died.  The  family  physician  called  ['rofi'iti^or 
V.  C.  Vaughan  in  consultation  after  the  fourth  member  of  the  family 
was  seized,  nnd  from  his  rejwrt  of  ihe  i-iwe  the  fnllowing  tacln  are 
taken.  Tlw  first  one  seized  was  the  father,  a  man  of  .50  years.  When 
first  seen  be  wa«  vomiting  severely,  hi*  face  was  flushed,  and  hii« 
tMDpenturt;  Guhnortnal  (Iffi"  F.).  There  vraa  marked  throbbing  of  tlie 
>MSkhMiliui|:.  1B9I,  p.  40.  'Modiml  Newi,  SeiUVDilKT 26,  \mS.  p.  343. 
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abdominiil  luirtn,  the  tmigue  wafi  Iimvil^  coated,  and  die  hr«ath!ng  was 
very  lubon.-<l.  Tliv  pupils  weix-  diliitt^d,  und  miit'li  of  ihv  Iwdy  wn* 
covered  uitli  n  rash.  The  vomitiDg  contiDued  some  hoars,  the  vomittu 
colon-d  with  bile.  The  bowcU  )uk1  not  cuoved,  but  iiii4]<-r  th«  influeDce 
of  a  catharlir  a  stool  occurred  on  ibe  next  (tav.  Retching  utid  vomit- 
ing (.MiitiniK^Hl  during  that  diiv  iind  night,  and  tlien-  wa.'i  pentisUDi 
stupor.  During  the  next  three  ilays  thcrv  was  but  little  change,  oail 
then  began  a  nUtw  nvuvcry  whit^h  r«i|uired  a  month. 

The  son,  a  stront;^  young  man  of  18,  was  tlie  next  tu  be  ecjied,  but 
hU  symptoiut  did  not  u])pe3r  until  four  davs  at^cr  those  of  hb  &ther. 
The  symptoms  wen-  the  same,  but  were  more  violent,  niid  there  wo*  no 
rash.  On  the  following  evening  tlie  mother,  sbout  45,  was  seized  In  llie 
aame  way.  and  on  the  aext,  tlie  dnugliter  also.  On  tltc  day  following 
the  last  seirure,  none  of  the  cases  showed  any  improvoniml.  The  tern- 
perat.ureii  wert^  »iibnonn.il,  !)1  and  fl-'i.  All  eomplained  of  a  burning 
constriction  in  the  throat  and  difficult  swnllowing,  and  called  rr4^i|uenliy 
for  ioe. 

Two  days  later  the  mother  an<]  son  died  ;  the  dsiighter  grew  wortr, 
became  unconscious,  remained  so  three  days,  and  then  died. 

PuHt -mortem  i;x»m!natiiin  in  the  case  of  the  <lnughter  revealed  no 
characteristic  lesions  to  acoount  for  death.  The  outbreak  n-as  most  carft- 
5illy  and  thoroughly  !nve.-<ttgat4-d  from  every  !ttnud|wint,  and  the  con- 
clusion rcEichcd  was  that  the  whole  mischief  had  been  (^aused  by  tyro- 
toxicon.  The  milk  wa.i  kept  in  a  buttery  which  wa.-*  in  a  most 
uiiMuiilury  coDdttioii.  During  three  years  the  family  hud  sufTerrd  fre- 
<[uent  attacks  of  like  character,  hut  much  less  wtvere,  Kresh  milk 
placed  in  the  buttery  over  night  and  then  anulyzo)  fur  tyrotoxicon 
gave  unmistakable  chemical  and  physiological  evidence  of  this  poison. 
Fresh  milk  iuoenlated  with  dirt  fn>m  the  buttery  floor  nl.«o  developed 
it,  as  did  nl«o  other  portions  trcat«d  with  vomitui<,  stomach  con- 
tents, and  aijueous  extract  of  the  inle.stinei>,  while  a  liflh  Hjieoimen  un- 
treated remained  free  from  it.  All  the  evidence  in  this  caiK:  pointed 
tn  the  more  or  less  constant  presence  nf  [nison  in  the  milk,  and  the 
wide  vnrintiuu  in  the  time  of  seizure  in  the  final  uutbretik  imlicales 
lliat  all  were  not  affected  by  the  .'tame  day's  supply. 

Diseased  Milk. — The  milk  uf  cows  eiok  witli  rinderpest,  foot-and- 
mouth  disease,  and  anthrax  is  more  or  less  altered  in  composition  and 
properties,  and  there  nppeam  to  Ih*  fiinie  I'vtdenee  that  it  may  Im>  ao- 
tually  (lungt^Tuus.  In  rinderpest,  the  protcids  are  mtich  increased,  in 
fact,  more  than  doubK-d  ;  the  mineral  eontttitiients  are  conaiderably  in- 
creaMtl,  and  the  fat  and  sugar  are  diminished.  In  foot-;uid-muulh 
disease,  the  total  solids  are  con.^iderably  increased  or  diminiahed  at 
different  stages,  and  the  milk  will  sometimes  eongulat^  on  boiling  on 
account  of  tlio  excessive  amount  of  ooagulahle  proteids.  There  eeema 
to  be  reason  for  the  belief  tliiit  this  disease  can  he  com  muni  en  ted  to 
other  animals  through  the  agency  of  milk,  and  there  is  some  evidence 
that  the  use  of  such  milk  by  man  will  ]>roduce  loeid  effects  in  the 
moutl)  and  throat. 
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N<rtter  and  FIrUi '  luciilion  un  r[>i<lciiiic  of  soro  tliront  at  Dover  in 
18(t4  in  which  there  were  '205  coses  of  vesicular  eruption  of  Uie  throat 
or  lipM,  rnlnrf^  ton.4iU.  and  in  niotit  goms  fiilnr^cil  i;bnds  of  the  neok, 
all  oi-curnii);  mtbtii  a  vcek  in  persons  supplied  hy  a  single  dairy 
wbt-iX'  ihi;  (Uo^^L't-  t-xiMod. 

PoU '  Ofisertfi  that  the  unboiled  milk  of  oovrs  sulTeriog  from  foot-and- 
moutl)  diMoae  may  induce  a  similar  infection  in  imin,  nnd  i«iK-oiully  in 
obildren. 

In  anthrax  the  milk  lias  a  l«i(l  ap|>enranoe  and  docomposes  nipidly. 
The  specific  or^niimi  hav  Int'o  i!m>l»U'(l  from  it  i-till  in  active  condition 
by  Boschetti  *  as  late  aa  14  dayti  ui^er  it  was  drann. 

Tbc  milk  of  cows  afllictcd  with  gai>^t,  an  inQammutory  condition  of 
Uie  milk  ducts,  is  believed  to  have  caused  epidemics  of  gnatro-iuteAtinal 
irritation,  nnd  llwre  is  *oini?  n-niiiiii  to  ln'lii-vc  thnt  il  miiy  U>  u  common 
euise  of  cholera  in&nlum.  The  disease  is  most  common  nnionf;  cowa 
kept  umW  mo^t  uititauitary  condittntis.  The  milk  of  cow»  auQ'ering 
from  actinomyoo«i<',  particularly  of  those  in  which  the  udder  is  in- 
volvvd,  should  be  avoided,  although  there  ap[>earit  to  Iw  lint  little  di- 
rect evidence  bearing  upon  the  transmitunon  of  this  disi'SSf  to  man  by 
this  means.  Il  in  certain,  however,  that  the  di.-^ease  does  sometimes 
oocnr  in  man,  and  thotit;h  in  the  matter  of  tninsmission  of  disease  from 
animals  to  nian  nothin);  should  be  taken  for  granted,  it  is  oommeiid- 
ablc  in  sudi  cases  of  lock  uf  (Kisitive  knowkslgc  to  err  on  the  side  of 
safety  and  to  avoid  ond  prohibit  the  use  of  such  milk.  Many  of  our 
Stati.-*  and  a  number  of  foreign  govcrnmeiiLt  tiirbid  the  wilc  of  any  tuilk 
which  oonies  from  diseased  cows,  without  specifying  any  of  the  diseases 
to  which  tliry  arc  Mibjci'i,  and  mme  forbid  the  feeding  of  such  milk  to 
other  animals  except  after  thorough  boiling. 

TIte  milk  of  a  cow  .suffering  from  a  specific  enteritis  haa  been  re- 
ported by  Gatfky '  as  the  cause  of  aicknesa  of  three  persons  connected 
with  the  Institute  of  Hygiene  at  Giessen.  The  symptoms  included 
luuiacn,  vomiting,  diarrhmi,  and  mcntui  oonftwion.  One  recovered  in 
a  few  tlay^,  tl>e  others  in  about  four  weeks.  The  milk  was  drunk  in 
the  raw  state. 

CoDceming  the  agency  of  milk  of  tuberculous  cows  in  spreading 
tnbtrailoAis  there  U,  ait  in  the  comc  of  tnlierculoiis  meat,  n  wide  diver- 
gence of  opinion.  There  can  bo  no  doubt  that  tlic  milk  of  ituch  oowa 
aw  CT>nvey  the  jufeilion  to  other  animain,  but  whetlier  to  man  cannot 
be  di-linitcly  stntitl,  Ik-wiusc  of  llic  iinjio^^ibility  of  i-x|Krri mentation  and 
aince  in  any  case  of  supposeil  transmission  very  many  other  [xi.'tsible 
agencies  must  be  eliminated.  It  \»  commonly  iiftscrted  that  the  use  of 
milk  from  tuberculous  oowb  is  a  positive  dan^iicr  m  public  hralth,  and 
attention  is  directed  to  the  per!<i^tt-ntly  high  nitc  of  mortality  from 
tat>erculo6is  la  all  its  forms  among  very  young  children,  and  to  im- 
provement in  the  death  rotes  from  other  causes.     It  is  uss>i'rtcd   tliat 

'lliaThMtyaniJ  PmcUcsef  irvgicm-.  London,  1800.  ii.  305. 
■MiaclWDer  ucdiciniKho  Wr^cliviwlirifi,  July  26,  1809. 
■Oionaibdi  Mrdicin*  Wlcrinnria,  \>KH. 
*  DNUcfcv  niMtieioboho  WwUnmcbrift,  1802,  No.  14. 
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tliis  comlition  cnii  be  vnpluincil  iii  only  one  wny,  tlint  is,  that  s  vcrr 
lai^  proportion  of  mnrkct  milk  is  derived  from  tuberculous  cows  anil 
tliu«  liiv  Iwttlc-fcd  cliildrcri  if  (it  nil  I'Ui^wiilililf  lR'«ini«  iiifi-ctcd. 

Thrrc  can  be  no  doubt  that  much  of  the  supply  is  deri%'«(l  fnwi 
diseased  lUiiiniiU  niid  llint  it  is  hirg^-ly  oouNumc-i)  by  vary  young  infants, 
but  if  the  use  of  the  milk  is  the  eoIo  cause  of  th«  porsUlcntly  bi|;li 
mortality  we  would  nalurally  cxpcot  to  Hnd  in  the  great  majority  of 
casisi  evidence  of  infection  through  the  idimeutary  cnnal.  Btit  tbi« 
evidence  fail.i,  and  a  majority  show  instead  infection  through  the  sir 
pAiwiifjL'ii.  Yot  th<.'  proportion  of  uiscti  wliiuh  do  show  primary  inf«Ttii)D 
through  the  alimentary  canal  is  so  high  as  to  he  decidedly  etrikiog 
and  to  dciniitid  moat  thoughtful  ounsidcmtion. 

There  cim  be  no  doubt  that  the  tubercle  bacillus  finds  its  way  Into 
milk,  iiartieiilarly  if  tin- udder  is  involvwl,  but  cvci»  when  not.  TIus 
was  assorted  so  long  ago  as  IXS!)  by  Prof.  H.  C.  Krust, '  who,  after 
a  very  extended  inquiry,  proved  that  the  milk  of  cows  nitli  tubercu- 
losiH  in  any  part  of  the  iHtdy  and  with  no  local  let-ton  of  the  uddtf 
whatever  mny  contain  the  bitdlliH.  Thin  ha-*  l>een  eonlirnted  by  a 
numliiT  of  more  recent  observations.  EspccJidly  noteworthy  are  the 
results  obtained  by  Drs.  Rubinowitsch  and  Kempner '  who  obtained 
positive  resulcn  from  inoculution  experiments  on  guinea-pigs  with  the 
milk  of  10  out  of  l.i  cows  that  bad  reacted  to  tuberculin.     Of  these 

10  anlmaU  only  one  ishoweil  any  clinical  evidence  of  involvement  of 
the  udder,  and  only  one  other  showed  any  sign  of  it  on  microscopical 
ex&niinatiou.     Otln-m  who  Iiuvh  ohtain(>d  positive  results  from  animalt  h 
with  normal  udders  include  Bollinger,  Dcl^pine,  Itaug,  and  Adnmi.       I 

As  to  the  pn>bal>Ie  proportion  of  infected  market  milk,  owing  to  the 
wide  dilTcrcnecB  in  results  obtained  by  various  iuvcsti^tors  noddiniu 
statement  can  l>e  given.  RabinowitAch  for  example,  found  it  to  be  28  fl 
percent,;  Mii*sono*by  inocuhition  experiments  pluecd  it  at  9 ;  Ott*" 
at  U.ti.  Sladen'^  found  that  over  half  of  the  samples  taken  from  tbt 
supply  of  Iho  collegt'di  !it  Cimibriilgc  (Kutrhtnd)  conveywl  tidxrculosit 
to  guinea-pigs  on  inoculation,  while  Eastes"  found  tlie  bacillus  in  but 

1 1  out  of  1  -Si)  iinmi)^  of  milk  which  he  exiiminod.  Others  have  ob-  ■ 
taiaed  results  anywhere  within  the  range  of  (J  to  50  per  cent.  Doubt*  ■ 
less  the  differences  arc  due  to  variations  in  local  condition.'),  to  differ- 
ences in  technic,  and  to  accidents  always  attending  hap-huKurd  semiring 
of  any  article  of  food  in  open  market. 

Taking  tlm  mcitn  of  the  ligures  given,  and  aceeptiug  that  as  a  fair 
approximation  of  the  extent"  to  which  our  public  supplies  arc  infected, 
it  must  beagree<l  thiit  if  infection  through  milk  is  possible  the  amount 
of  dUrase  so  caused  must  lie  quite  small  in  proportion  to  the  nimiber 
of  tlic  pupulution  who  are  daily  exijosed   to  llic  danger.     There  are 

'Ami^wn  Journal  at  MmIii'aI  Solimoc*.  Novnmbor,  1889. 
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but  few  reported  aaaea  in  whioh  die  influence  of  otlier  {)i»«i)>lv  c'umli- 
tions  can  lie  n  thoroughly  oxcluilt-i]  ns  lu  kiivi?  nu  raisutmble  <loubt  of 
tb«  causal  relation  of  milk.  Single  inMances  are  »eit>it$arily  of  lc«8 
x-alue  tliati  ^>ii[i8  ofatnes,  iiml  tliv  luttt-r  rirc  much  kss  cummoii  ihuti 
frvncrully  au|)|»>§cd. 

Frtim  llie  iiumltcr  nvniluble  tlie  following  «rv  Hcleotnl  »»  ilhutrit- 
tioDH.  Brouunlcl '  reoonU  the  dculh  of  seven  children  with  no  heredi- 
tftry  taiul,  inniatcs  of  a  convent,  from  (uhcrculoiii:!^  iiupiiostHlly  induced 
by  tbe  UMof  milk  from  n  uow  with  tiibcrciilosiin  of  tlie  udder.  An- 
other case  re|M)r<ed  br  him  and  iiuotid  by  I'n-ndi-nrfirh'  ist  i>iie  in  which 
five  of  f»urli.i-u  prU  in  a  boarding  i^houl  bwume  inftctcd  nnd  died, 
Tbe  milk  whicb  ther  had  had  daily  came  from  a  tul>erculous  oow. 

Demme'  rrport*fl  as  tin;  only  iiixtaiiooa  in  his  cxpmcnec  in  wliioh 
all  other  causes  could  be  Batimfactorily  excluded,  a  group  of  four  infants 
of  healthy  jmrentage  ftnl  ujhui  unci.Hj|<o(l  milk  of  lubcrculoU4  cows. 
They  all  died  of  tuberculoeis  of  the  intestine,  and  the  diajrnosis  waa 
oonSraied  by  autop-iy.  Later,  he  n'lwrletl  *  still  another  death  from 
the  !4ime  CAUM  at  four  months.  In  this  case  also  there  was  absolutely 
DO  family  hi^ton,-  of  tuberculo.ii.i.  After  thi-  i^mtiniiatioti  of  the  <liag- 
nooia  byautopifV,  IIk-oow  was  sluuKht<^'red  and  f^jiind  tobc  tuljcrctilous. 

A  more  extensive  outbreak  amnu};  older  clulih'i'n  wa.-^  reprirtcd  by 
OUivier  to  tlie  Academy  of  Medivine,  Paris,  on  February  24,  1881.  A 
younj;  woman  of  21  yeai«,  of  good  family  bi»tory,  who  bad  always 
enjoyed  good  health  died  of  tulM-rmliir  in<-»iiif^ilis  xliurlly  after  taking 
up  hrr  n«idenoe  in  a  boardintr  house  in  which  within  a  very  short  time 
eleven  school  girln  had  been  seized  witli  luliereuliMS.  It  woh  learned 
that  the  milk  supply  was  derived  from  a  single  nnimni  which  wits  ex- 
lAoaivelr  tnl^erculon^.  Shortly  afterwards,  still  another  girl  died  of 
phthisig  puiniiiimlis  in  the  same  house. 

Some  of  these  cases,  if  not  all,  ninst  be  looketl  upon  as  very  strong 
evidence  that  tubercuItMis  can  be  (■'pruid  tlii-i>n)r|i  the  aytncy  of  milk. 
But  if  it  is  true  that  so  targe  a  prciportion  of  the  milk  supply  is  from 
ditiTMrd  COW4,  and  thni  the  dim-iLie  ii«  eommtinit^alile  in  this  way,  it 
mmt  follow  that  with  the  vast  niiijority  of  driiiker^i  of  rnw  milk  the 
bacilli  peridi  or  are  di.VTbarged  before  tliey  can  gain  entrance  to  the 
tiadUi-H. 

Contaminated  Milk. — Milk  may  become  contaminated  witii  infeo- 
tKiUH  maitiT  in  various  way?*.  It  may  rf<.vive  it  from  (In-  haml-;,  [i  r-'-n, 
and  clotbingof  the  milkers  and  others  by  whom  it  U  bnnill'  il.  i  In dicr 
they  are  theniseivi's  sirk  or  wmvalescent  or  acting  in  the  wijmcily  of 
OuiM  or  alU<iidant  for  others;  it  may  ucqiiirc  it  from  uticlean  vessels 
rinsed  in  polluted  water,  or  from  water  with  which  it  h.i»  bct'n  fmiidil> 
lenity  mixed.  Outbreaks  tracwl  to  milk  generally  involve  a  considei^ 
able  numl>er  of  persoiti  and  ap|>ear  witli  some  sinUleniK;^.     In  fact  it  is 

■  Auula  d'Hfgienc  Pahliquc,  XXIV.,  p.  95. 
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the  BintullaDeous  appcsrancc  of  n  larfiv  number  of  OUM  tliat  divm 
attt^ntion  to  the  wnier  iiii}iply  or  milk  aa  a  comtnon  cause.  Sporadic 
cases  arc  rarely  trnoeahk-  to  milk. 

On  account  of  the  danger  of  apeoific  contamination  of  milk,  no  per- 
son aick  with  or  cunvnk-scent  from  infcctiuiw  Aiieai^,  and  no  penou 
having  to  do  with  the  care  of  others  so  afflicted,  or  with  tin?  disposil 
of  tlifir  cxcn-tfi,  itr  with  (he  wiwhiiig  (if  rlnir  linc-n,  ohmild  In?  allowed 
to  handle  milk  deatintxl  lor  the  ii&o  of  others.  Public  uiitliuritic-B  art 
mpidly  Ix'eoniing  awakened  to  tlie  iinpoiL-tiire  of  restrictive  measuKS 
in  this  rcgurd,  and  in  many  communities  it  hus  been  made  a  criminal 
otfeni*  (n  (ail  to  give  notice  of  the  presence  of  cases  of  infectious  disease 
at  the  place  of  production  of  milk  or  among  those  engaged  in  its  di»>^ 
tribiitiou  and  sale.  V 

Diphtheria. — .V  Iitrgv  number  of  epidemics  have  been  rejKirted  in 
which  a  jwaitive  connection  with  the  milk  supply  appeare  to  have  boea 
&irly  well  miido  out,  but  m  tar  ni^  i^  known  there  is  no  connecttoit 
between  any  disease  of  the  cow  and  that  which  wo  knowuHdiphtlieri*. 
ulthinigh  a  number  of  outbrenlu  of  diphtheria  have  heen  reported  as 
traced  to  gurgvt.  The  speeiBc  or^niem  of  diphtheria  may  be  iDtro'-H 
duced  into  milk  fi-om  the  discharges  of  persons  employed  in  the  hand- 
ling  and  distribution  of  milk  (wfore  they  have  thoroughly  recovered 
from  the  disease.  Dr.  J,  W,  II.  Eyre  '  found  the  bncillus  of  diphtlic- 
ria  in  siunples  of  milk  i^iipplied  lu  u  iHrgi.'  wliooJ  where  a  numlwr  of 
cases  of  the  disease  had  occurred.  Theoi^niams  gave  the  u»uul  ohar- 
aelert!<tie-s  und  no  rea.son  iippoars  for  doubling  their  identity.  h 

Schollelius'  provwi  that  the  bncilluB  of  diphtheria  can  grow  verff 
rapidly  in  raw  milk,  le«t  so  in  storili/ed  milk  at  or<linary  tem^teralure, 
but  very  much  better  at  87°  C     Inasmuch  us  the  orgitiii»ni  may  [k-p-, 
sial  for  long  periods  after  tlie  disease  has  apparently  disappeared  and 
may  be  present  in  the  throats  of  pcrMum  in  ap{mrent  healtli,  it  nc 
not  excite  wonder  when  it  ie  reported  present  in  milk. 

Cholera. — Undisputed  evidence  of  the  wimeelion  between  milk  and 
Asiatic  cholera  is  not  very  common.    There  is  some  disagreement  ns  to 
the  viability  of  the  cholera  organisms  in  milk  ;  thus,  Hesse'  found  thafcJ 
JVesh,  raw  milk  exerts  a  destructive  influence  on  them ;  that,  in  fact, 
they  iM'giii  to  die  a»  soon  as  they  are  mixed  with  it.     He  found  that 
they  die  at  ordinary  room  temperature  withtn   12  houRU,  uihI  at  incu- 
bator tem[>eniture  in  from  6  to  S  hours.     The  age  of  cultures,  the 
nature  of  the  eulturo  media,  and  the  addition  of  the  latter  to  the  mil' 
with  the  bacteria  appear  not  U>  affei-t  the  result.     SteriUiMd  milk 
fonnd  to  be  a  Iwlter  culture  medium.     Baseniiu  *  diwigrees  with  IIe«»&^ 
He  found  tliat  uncooked  milk  does  not  kill  the  organisms  in  10  hours, 
that  they  arc  active  artcr  38  hours,  and  that  up  to  the  ]>oint  of  coagu- 
lation of  the  milk  tliey  increase  considerably  in  number.     He  foundfl 
that  in  polluted  milk  they  remain  active  at  least  -12  hours  at  different 

'Brllbh  Ktt^Ionl  .Totmwl,  Seiit.  U.  I8»If. 
■Centnlblnrt  fQr  BaktorioloKie,  Abili.  [..  XX.,  Xo.  2G. 
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tPmpereturvs,  (mom  temperature,  24",  and  37*  C),  in'l  Uiat  tlicy  re- 
main activv  fvva  nft*r  lh«  milk  hai*  pfwpnlalwi. 

Wtrigmann  and  Zim '  found  that  the  leDgth  of  time  they  remain  ac- 
tive de^M-niU  njton  (li<>  ratio  itx-y  Inwr  to  tlio  iiiimlwr  of  other  or^^un- 
ixm*  ptrscnl,  and  that  in  unW  bo  have  any  confilderuble  laMing  ])ower 
tliey  would  have  to  l>i-  added  to  inilic  in  exceedingly  largv  numlicra. 

The  evidi-ncx.'  that  cholcni  csiii  be  difiseminated  through  the  apency 
of  milk  i^  exoeedingly  limited,  and  about  the  ouly  ca^e  free  from  doubt 
is  tbat  rfwrdi-<i  by  Sinijwon'  who  relates  that  nine  ctues  of  cholera 
broke  out  suddenly  on  a  ship  in  the  harbor  of  Calcutta,  ten  men  of 
wboiM  crew  iuid  obtained  milk  from  a  native.  One  dnink  but  little 
ftod  escnprnl,  four  died  of  undoubted  cholera,  and  five  were  very  sick 
with  diarrbtta.  Ri^'ht  other;*  who  nitril  oonden^ded  milk  only,  and 
ibcxf  who  used  no  milk  whatever  were  unaB'ected.  It  was  learned 
that  the  vendor  ha<I  diluted  the  milk  alKiut  one-fourth  with  wiit<'r  from 
a  tank  to  whieh  di-jcctions  from  chuleni  patients  gained  access  and  in 
which  their  washing  was  d<me. 

Scarlet  Pever — In  Deeember,  1885,  occurred  what  \i«s  become  com- 
monly known  as  the  Ilendon  outbreak  of  scarlet  fever,  due  to  a  disease 
of  cows,  and  $iinec  that  time  u  niiiiihrT  of  other  cpidemiet  have  been 
tmocd  appnrvntly  to  a  common  milk  isupply.  In  the  Ilendon  cose  m 
number  of  cows  were  or  had  heen  itick  with  an  ii)f<'<!ttoii^  eruption  of 
(he  nddeni,  and  there  can  be  no  donbt  that  the  disease  under  ct>nsidem- 
tion  was  spn^ad  through  the  agency  of  milk  coming  rmni  thiH  dairy  ; 
but  other  cow«  hiiving  the  same  dieeiisc  caused  no  trouble,  and  the  po«- 
eibilitr  of  oonlam illation  from  human  sources  could  not  be  absolutely 
«xcliiai><I,  A  number  of  Other  outbreaks  of  the  (li«eaHi-  [^havc  been 
SOOkewhnt  doublfnlly  aseribed  to  similar  teut  eruptions,  but  in  no  case 
18  tbe  evident-  in  any  way  n^nchi-iive.  On  the  other  bitiid,  there  is 
undoubted  evidence  that  the  disease  1ms  many  times  Iteen  spread  hy 
milk  from  farms  where  children  and  ottien<  were  ;«iek  with  it. 

In  tmeing  efudemim  of  this  and  other  diseases  to  a  common  caue« 
therv  is  always  danger  of  lending  undue  importance  to  coincidence  and 
of  coming  tJ>ereby  to  nnwarmnteil  colieluMiun».  As  an  illustration  tbe 
fVdlowing  case  may  be  cited.  In  lUitT,  in  one  of  the  out-lying  wards 
of  Boston,  a  large  numl>er  of  cjmeit  of  i^eiirlet  fever  occurred  with  some 
Middenntv^  among  children  chiefly  of  the  well-to-do  elas«.  Naturally 
tltere  was  mncb  di^turlnam'e  of  tbe  public  mind,  and  an  investigation 
was  immi-<llal>-ly  undertaken.  It  was  ascertained  that  nearly  all  of  the 
lamilics  coocsTDed  were  supplied  by  one  milkman  who  raised  all  the 
milk  which  he  handle<i,  and  the  Te»]ion«t)>ility  for  the  outbreak  u'a.'i  at 
otioi'  laid  at  his  door. 

His  premisej*  wen-  examined  by  the  health  authorities  and  found  to 
be  io  excellent  comlition.  No  case  of  disease  or  inf]i)^po!<itiun  hud  oo- 
curreal  in  his  family  or  among  his  help  within  a  number  of  months,  nor 
had  I»e  or  anybody  on  the  place,  so  fur  us  coidd  be  asecriiiined,  been 

■  Ccninilblmtt  Cur  Bsklvriuliwir,  etc,  18(11,  No.  8. 
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Id  ooDtoot  with  nn^  cnse  of  scArU-t  (over  or  of  any  oUwr  infeotioaitdii- 
«B8e.  His  oows  were  esamioed  by  a  thoroughly  coiui»eteut  vcterinarina 
and  pronounc«<l  in  evory  n»pect  lic-itlthy.  Nt-vcrtliL-U-s*,  public  i^sciu- 
moat  ran  so  high  that  his  business  fell  away  until  his  route  was  ve 
much  rcdiioi>d.  Hnd  a.  »ingle  onw  !«howu  the  !tlight«!<t  vvidenoe  of 
eriipttvu  (liHukse  uf  tht-  t^-uts  the  epidemic  might  have  been  Itnilcd 
anotJier  Ilendun  outhn'ak  ami  qiiot«d  in  sanitary  hi^ton'  as  a 
worthy  example. 

The  fact  that  the  great  majority  of  easen  occurred  among  hb  patrnoa 
wiw  wisily  oxpiaiimlilc  for  he  was  known  to  Iw  a  cnrrful,  cl««nl7, 
boneiit  dealer,  and  was,  therefore,  the  very  sort  of  man  to  attract  the 
piirtitndiir  eiiwit  whn»«  JKinu^  were  iiivaikil.  The  children  afrt>cted  be- 
longed to  closely  ufiiliated  groups  of  playmates.  Further  investigatioD 
revealed  the  fact  that  tlie  )!r»t  caw  wiw  uf  a  lad  who(^  family  waa  doI 
among  the  customers  of  the  suspected  dealer,  and  that  immediately  b^ 
fore  taking  to  his  bed  be  had  bt«[i  playing  with  a  number  nf  those  who 
were  among  the  next  to  be  scizHl.  These  in  their  turn  had  been  aiM>> 
oiated  with  others,  and  so  the  infection  bad  .spread.  Thus  what  might 
have  served  as  a  must  useful  example  of  a  milk-borne  epidemic  of 
eoartet  fever  fell  to  the  ground,  and  the  unfortunate  dealer  was  absolve ' 
from  witpoiimbilily. 

Typhoid  Fever, — There  can  be  no  doubt  that  in  the  gpread  of  lypt 
&ver  milk  play.s  a  part  only  second  in  imiKirtiLiioc  to  that  of  drinli 
water.  A  very  grtat  number  of  epidemics  liave  been  traced  beyond  ■ 
poasihility  of  dispute  to  milk  coming  from  farm.*  where  eases  of  tlie 
disefluc  have  iweurred.  Tlic  (wntainination  is  brought  about  by  the 
hands  of  the  milkers  or  other  Imndlers,  who  iu  addition  assist  in  nuta- 
iug,  or  by  the  addition  of  infected  water,  or  through  washing 
«ans,  and  other  vessels  in  such  water. 

From  time  to  lime  iiibulati^d  ann1y!x>.4  of  outbreaks  itup|HM«^d  to  l>e  i 
to  coutaminuted  milk  have  been  published,  but  a  very  large  proportic 
of  the  cases  ineliidt-d  are  baaed  on  very  iuriunieient  evidence,  Bome- 
times  exceedingly  slight,  such  as  that  a  cow  had  drunk  from  water  into 
whidi  drainage  from  the  barnyani  bad  had  aeoeaa.  Hut  within  reoent 
year»i  n  number  of  extensive  epiilcmii-!*  in  tliis  country  and  elsewhere 
have  l>een  traced  witli  as  much  deliniteuei^s  to  the  milk  supply  as  have 
other.->  to  tin-  water  .inpply,  and  witli  ihe  Hiime  and  only  ilefi-et  that  the 
buctoriologicul  proof  has  been  lucking.  As  is  the  ease  when  outbreaks 
<icour  from  polluted  water,  when  attention  is  drawn  to  the  jKULtible 
cause  the  Ixictenolopcid  evidence  i^  no  longer  obtainable,  the  condl^ 
tions  having  changed  during  the  jtcriod  of  incubation.  ^ 

The  State  Btmni  of  Ileiiltli  i.f  Mii.siachiiiii.'tl.'!  has  traced  a  num- 
ber of  extensive  epidemics  to  the  use  of  pollutetl  milk,  but  in  no  in- 
st*ooe  baa  the  organism  Iteen  found  in  the  milk.  In  the  city  of  Bos- 
ton also,  where  the  local  authuritiee  keep  a  constant  eye  on  the  reports 
of  typhoid  (ever  OBses  with  particular  reference  to  the  ])0iuibi1ity  of 
disseniiniiti'in  through  milk,  a  number  of  Mmall  outbreaks  buve  been 
definitely  traced  to  milk  supplies  derived   from   small    farm.'i  wbe 
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peiwtos  sick  wilb  the  disease  were  nursed  by  tboee  who  bad  milktMl 
tbo  oows  and  handled  tbc  Diillc,  aiid  in  Uirw  iiiMtanccs  nlvo  thi;  bue- 
t«rifilog:tcal  evidence  is  Inckiti);. 

Tliat  tht-  ot^iuMit  ran  rclnin  iu  xntnlity  in  milk  and  wen  in  sour 
milk,  has  bwn  definitely  Hvltlpd.  Hcin  found  iho  orpinlsm  in  sour 
milk  at  1-1-1S°  C.  aft«r  thirty-five  days,  but  not  after  ibrty-eiglit. 
H«eee  ha^  found  it  in  st«ri1ixc<l  milk  ul'U'r  four  iiiontlis.  Dra. 
TVaenkel  and  Ki»ter'  liaving  reason  to  Mieve  that  the  uniisiinl 
amount  of  typhoid  fcvcr  ut  llimibnrg  during  tin:  t<uinnu'r  of  18!>7  was 
due  in  part  to  infected  buttermilk,  undertook  the  study  of  the  ques- 
tion whether  the  B.  typho(<u.'<  cim  exM  in  that  fluid,  conooraiiig  which 
point  there  had  been  more  or  less  of  conflicting  testimony.  Obtaining 
SOBW  aamplea,  tlwy  firat  iiivontlgnted  tho  number  and  idt-ntity  of  the 
COOtWDed  bacteria  and  learned  that  while  th'_-  number  varied  widely, 
tbe  tpecie*  were  always  about  the  same.  Finding'  no  |ialhogenic  oi^ 
g^otamfi,  tbey  sterilixied  specimens  in  tV!ft-lulH-»  a  hntf  hour  a  day  fi>r 
tbree  days,  then  planted  the  typhoid  bacillus  in  them  and  ke|>t  them 
Dl  different  tprnpcntton-*^ ;  on  ioo  and  at  22"  ('.  und  y?**  C, 

Loop)  were  tiiken  from  each  from  time  to  ilme  and  planted  and  each 
jriddcd  positive  results.  The  sjwtrinicn  kept  at  room  leinpfnitnrc  was 
ooder  observation  nine  days;  tlie  others  were  not  examined  after  the 
third,  l^ien  sjHviment  of  frr-iih  buttermilk  containing  all  its  baplerta 
were  pLmtcd  and  kept  under  the  Himc  rotidittons  and  from  them  the 
sam<:  rf-->ult«  were  obtained.  Yet  there  was  this  diScrenof,  tliiit  there 
ma  always  a  diminution  in  the  unmbcr  of  the  pathogi-uic  or^niems, 
and  thit«  wo.-*  the  more  marked  and  iwmetimes  very  rapid  with  incrtnu- 
ing  teniperatura. 

Obotsra  Inhatam.< — In  every  large  commnnJty  it  has  become  cut«- 
tomar>-  to  ex|i.-i-t  us  a  normal  condition  a  large  death  nit«  umouf;  chil- 
dren with  the  advent  of  hot  weather.  Thiif  increased  death  rate  is 
limitvd  very  largely  to  the  very  early  age  [veriods  and  to  children 
fed  on  cow's  milk,  and  while  children  of  the  pour  are  the  ones  most 
mcnmouly  alllieted,  thfmc  of  the  well-to-do  are  by  no  mean,"*  free. 
During  tbc  siege  of  Paris  the  infiiut  morlulily  was  reduced  to  a  half  of 
ita  )rearly  a\'erage  although  tho  general  death  rate  had  doubled.  This 
uniunal  condition  was  aliribule<i,  no  doubt  correctly,  to  the  fact  that 
mothers  were  obliged  to  nurec  their  infunic  when  they  could  on  ao- 
onunt  of  the  grciii  warcity  of  eowV  milk  and  other  foods. 

The  commou  milk  bacteria  are  ordinarily  quite  barmleae,  but  it  ap- 
|>«uy  tluit  SMne  specie,'*  under  certain  winditions  produce  loxini'  in  suf- 
ficient amounts  to  cause  gastric  and  iute»tinal  disturbances.  Accord- 
ing to  Bttginsky'a  targe  [tart  of  the  annual  amount  of  cholera  infantum 
is  due  to  ibcM^  pnxlucts. 

Dr.  E.  W.  Hope"  in%'eetigated  over  a  thouwiud  ca.'*ai  of  autumnal 
diarrJicM  and  found  that  of  2^13  deaths  of  infanlii  un<lor  three  montht* 

'Munclimer  iiintii-iiiiwlH- W.»IiiT.«-lirift,  Fi-bniury  18,  1898. 
' Brrlinei  kliniuhe  Wocliptistlirift,  1894,  Nm.  43  ami  44. 
*  PulJk- lleiiltb,  July,  18BB. 
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oa\y  flixtecn  had  not  receivtMl  othfir  than  their  aatiiral  food.     Thai  i 
to  My,  tlie  di'nths  among  artittciully  fed  c)iil(lr<!ii  iimlcr  three  montl 
of  age  were  fifteen  times  as  niiruerous  as  among  those  nunied.     In  i 
leas  tlian  22  pvr  crnt.  of  ihc  whole  uuiitlxTur  fulal  oa-scit  otltcr  mcmbtfl] 
of  the  household  had  ftiiffered  from  diarrhcea.     The  most  Htrikiog  ia 
stanra  of  the  onimuiiiuiltility  of  tlic  diKtiirbanot^  wili  that  at  on  in 
fiuts'  home  in  which  were  ten  children  under  the  ago  of  five  mondii 
all  in  pej'fect  h^-iilth.     An  infant  of  two  months  waft  adniitbH)  in  Jnl] 
will)  vomiting  and  diarrhoea,  and  within  a  few  du}'s  i>ix  of  the 
in&nts  and  the  nurses  wfre  sick  in  the  same  way.     The  other 
children  wen'  taken  away  at  onec.     The  adinitUfl  child  and  the  six  ll 
became  infected  all  died.     The  four  that  were  moved  out  were  a«v 

Baft'^riuIoKical  exuinination  of  milk  ha.s  isliown  the  prei<«i>cc  of  i 
tremcly  active  organisms,  including  the  B.  ent«ritidis  sporogeoesi 
Klein'  which  linn  litni  found  liy  ils  discoverer  in  theih^niu  eiuitcntu  > 
children  and  adults  with  diarrhceal  conditions,  but  not  in  :i  oonditioa 
health.     It  has  Ik-wi  found  by  Andrewes  in  the  discharges  of  ca#eti 
sporadic  diarrhcea  of  adults  and  by  Klein  in  thrw  different  outbreak 
among  the  inmates  of  a  single  hospital.     It  is  a  oommon  saprophj 
found  in  sewage,  in  polluted  rivers,  and  in  manured  giirden  soil,  and  IS 
very  commonly  detected  in  milk  the  use  of  which  has  not  been  followed^ 
by  untoward  result*.     Under  ct-rtain  unknown  (sonditions  it  bccoo 
highly  pathogenic,  and  recent  milk  cultures  are  intensely  virulent  wh 
inoculated  »nbentancoui<1y  in  guiiu-n-pig^. 

Andrewes  *  has  deecribed  the  thin!  of  the  scries  of  outbretiks  referr 
to  above,  in  which  the  iif1eii<liiig  i-jiuse  was  found  t»>  be  rice  puddii 
made  with  milk.    The  first  imd  scoond  outbreak:^,  in  wliieh  nu  one  artic 
offood  could  be  incriminated, involved  respectively  o9  and  Htipatientej' 
tin;  third  involved  Hi).     In  all  three  tho  great  ninjorily  of  tlic  ultJ  ' 
were  mild,  but  in  some  of  the  more  severe  cases  the  discharges  i 
tained  mucus  uml  blood.     In  all  thn-e  ihi?  organism  was  found  in{ 
Stools,  and  in  the  second  it  was  found  in  the  milk  given  out  ou 
previous  day.     In  ihe  third  it  was  impos,siV)le  to  obtain  any  of  the 
hut  the  pudding  made  with  it  yielded  the  organisms  in  spite  of 
heat  to  which  the  compound  had  l»een  subjected  during  its  preparation 
It  wai*  found  by  direct  experiment  that  the  iiilcrior  of  su<'h  ii  pudiliDg| 
did  not  attain  a  temperarnre  alwve  98°  C.  during  cooking,  a  temper 
ture  liclow  tlint  necessary  for  the  destruetion  of  the  spores  which  ; 
•mong  the  most  resistant  known. 

Analysis  of  Milk. 

For  ordinary  purposes  of  determining  tJie  quality  of  milk,  the  pr 
coee  or  absence  of  added  \i-ater,  and  whether  it  has  been  robbed  of  : 
oream,  a  eompleic  oliemieid  analysis  is  by  no  means  always  ne 
ainoe  much  may  be  learned  from  simple  inspection  by  nioaus  of 

•CVntralblatl  fur  Bactpriologic,  etc.,  XXIL,  Abth.  I..  No*.  20  uid  21,   XXI 
Ablh.  I.,  No.  13. 

'Tlxo  Lwiwi.  Jiui.  T,  1899. 
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lm-(o(len«unietcr,  and  tlte  lactoscope.  The  IncttKliiinmi'lcr  (Fig.  2),  or 
Ucloni«(«r,  u  mervljr  a  Ini^  hydrometer  wiUi  a  H(«m  graduated  to  sJiovr 
Recife  gravities  ranging  I'mm  1.01  ■'»  to  1.0.10.  Thi-  I«cto«oope,  in- 
TMited  by  ProftMwor  Yvfcr,  U  an  infitrunieDt  designed  to  indiuitc  the 
approximate  fat  content  of  milk.  It  cnn^iitl^  of  a  gllM  cylinder  into 
iIk-  \39lM!  iif  whicli  a  sinnlliT  cylinder  ol'  white  glan  closed  at  the  top 
and  tnonnted  on  a  metallic  base  is  fitted.  The  larger  cylinder  in  gmd- 
uatett  ainiig  th<-  >iidc ;  the  smaller  one  bears  a  number  of  black  hori- 
zontal lines.     The  instrument  is  shown  in  Fig.  1. 

The  principle  of  the  int<trtii)K'iit  is  tinned  upon  the  lact  I^io-  " 

that  the  opacity  of  milk  is  due 
tnainly  to  the  (at  globules  in  iiu»- 
pension,  and  tltat,  thercJbre,  the 
richer  a  milk  is  in  fat,  the  greater 
is  it«  opacity,  and  Uk-  mure  it  must 
be  diluted  to  reduce  the  opacity  to 
M»ch  an  extent  as  to  ]>ermit  the  \m»' 
aa|{v  of  liglit. 

The  mctliod  of  uw  is  a.t  follows : 
Four  cc.  of  tlie  i<pecimon  arc  de- 
livered from  a  pipette  into  the 
C^liodrr  throufjh  the  opening  in  itK 
upper  end,  and  water  is  then  added 
in  fimall  |H>rtIoiL<  and  thoroughly 
mixnl  by  inversioo  of  the  instru- 
ment, the  oritice  being  kejit  closciJ 
fajthetipoftbe forefinger.  Assoon 
t»  the  Buoceiiive  Hd<l!tiniui  of  water 
havcnKluocil  the  opacity  of  the  mix- 
tare  to  such  an  extent  that  the 
black  lines  on  the  white  cylinder 
can  he  discerned  ao  di.'itinctly  that 
tbey  cati  hv  (iiiiiitcd,  tJic  height  of 
the  lic]u!d  on  the  scale  is  noted  and 
the  percentajre  of  fat  indiaUitl  in 
read.  Four  cc.  of  skimmed  milk 
will  require  no  little  vrater  tliat 
when  the  lines  can  Iw  seen  the  level 
oftlM?  mixture  will  be  very  low  on 
the  soUr,  while  with  rich  milk  it 
will  be  correspondingly  high,  and  with  cream  the  whole  cylinder  will 
bfi  BIImI  aiKl  even  tlien  the  lines  cannot  be  made  ont. 

Coolrol  analyse*  sliow  that  the  instrument  giviw  wry  fairly  aoou- 
ntle  rrsnltji.  Neitlierof  tlnw  two  instruments  alone  can  be  depended 
apin  In  iniliuite  the  true  quality  of  milk  excepting  in  tlit-  case  of  sam- 
ples whidi  arc  either  very  good  or  very  bad.  The  specific  gravity 
alone  is  especially  fallacious  as  a  guide  for  the  following  reasons.  The 
specific  gravity  of  normal  milk  at  59°  F.  ranges  between   1.029  nnd 
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1.034.  The  renioval  nf  <^naim  caiiiies  it  to  ris«  ;  tlie  aildition  of  walcr 
causes  it  to  fall.  A  Dormul  milk  vrlica  robbed  of  its  crrum  may  show 
aspMifii'i^riivily  of  1.0;iti,  luid  tb^n  if  a  tiinitll  amouDt  of  watorU  added, 
the  gravity  is  broiigbt  down  to  1.0.'12,tbut  is  to  ny,  vitbin  nornui 
limiUt.  ThuK  a  milk  after  Itoing  doubly  treated  bo  aa  to  reduce  iU 
nutritive  vnliie  nttiy  show  a  norniiil  i^pcdlic  gravity,  nnd,  en  this  tcrt 
nhiiie,  be  elnsswd  as  pure.  Nor  is  this  tlie  only  objection  to  a  systm 
of  iit)i|K-ction  of  this  most  im[>ortant  foitd  based  iii>oii  the  use  of  the 
laotoraoter,  since  milks  exceptionally  rich  in  fat  have  a  specific  gravity 
below  the  noniinl  and  thus  may  be  condemned  as  watered. 

The  lactoscopc  ulonc  is  uliw  not  to  be  depended  upon  in  all  casM, 
sinw  a  milk  which  sliows  a  nomial  content  of  fat  may  he  one  of  con- 
siderable riciint-si*  in  that  coiii^tittient  and  extensively  wnteroil.  T^ut 
a  specimen  containing  originally  4.50  per  cent,  of  fat  may  be  watered 
very  oonsidcmbly  and  yet  show  •'J.7-'i  jht  cent,  by  the  hictosoo|)c. 

By  combining  the  use  of  both  in stru mentis,  however,  the  fallaciesof 
either  are  exposed.  A  normal  speciHc  gravity  shown  by  the  one  and  a 
normal  fnt  content  revealed  by  the  other  will  indicate  that  even  if  the 
milk  ha-Hlieen  tampered  with  it  yet  posses (.es  average  rinbneiw.  A  uormal 
specific  gravity  with  u  low  ]>ercenlage  of  fat  will  indicate  skimming  aud 
watering ;  low  fi[>eeific  gravity  with  normal  or  low  fat,  watering ;  and 
high  specific  gravity  with  low  fut,  skimming.  Low  sjieeifio  gravity  with 
very  high  fat  will  indicate  unusual  richness  ;  thus  cream  has  a  very  low 
specific  gravity  dtii^  to  its  prepondeniiiue  of  fiit.  Asa  tcstof  thencciimcy 
of  this  process  of  cxaminution  the  author'  caused  to  be  analyzed  under 
hia  sujtcrviaion  1,714  specimens  which  ap[»earcd  by  these  testa  to  be  gf 
good  quality,  and  of  tliis  number  but  8  wore  found  to  have  deviated 
materially  from  the  statute  requirement  of  15  per  eent.  of  total  .solids. 

Determination  of  Specific  Gravity. — In  taking  the  specific  gravity 
by  means  of  the  lactodensi meter,  the  milk  is  thoroughly  mixed  id 
order  t^i  ensure  homogeneity  by  [muring  from  one  vessel  into  another, 
a  cylinder  of  sufficient  height  to  allow  the  in.«trunient  to  float  freely  is 
filled,  iind  the  iiislrumfiit  enrefully  insertM,  not  droppitl,  down  to  the 
bottom  and  then  released.  When  it  comes  to  rest  the  reading  of  the 
Stem  at  the  level  of  the  .surface  of  the  liquid  is  noted.  It  must  be 
borne  in  mind  that  air  bubl)Ii«  arc  rctaincii  nitlicr  tennoioiisly  by  the 
milk  and  tend  to  lower  the  density,  and,  therefoii?,  in  mixing  tlic  milk 
too  violent  iictiun  must  be  nvoiiled,  imii  ii  short  time  shoiili!  Im-  allowed 
for  those  present  to  rise  to  the  surface  and  escape.  ■ 

Inasmucli  as  the  gravity  varies  with  Hie  tcmiH'mtnre,  and  tlie  io-^ 
Btrument  is  graduated  for  59"  F.,  either  the  milk  must  be  brought  to 
that  temporutiirc  or  a  eorreetion  must  be  nincle  nireoi-ding  to  t)>e  devia- 
tion above  or  below  that  point.  If  the  milk  is  colder,  the  roiuling 
will  be  too  high,  and  if  witrmer,  loo  low.  It  U  more  convenient  to 
make  a  correction  for  temjK'ratiirc  than  to  heat  or  co<d  the  sj)ecimen 
to  the  normal  (loint.  Tbi'  deduction  of  a  half  degree  of  gravity  for 
each  five  degrees  of  temperature  below  .59°,  or  the  addition  of  the 
>Thirty-lin(  Aiiniiiil  Hcpurl  ol llir  Iiitpvcturnf  Milk.  UuhIuii,  1889,  p.  11. 
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punt  for  each  four  degrees  above  59°  will  be  fbuud  to  bo  u>- 
leljr  accurate  corroclions. 

l«oedii^  tables  give  the  correct  specific  gravity  for  each  deforce 
S~  to  1.035  at  all  temjieratitrtTi  frutn  40  to  80"  F.  In  miiking 
em,  find  the  apparent  »peci(ie  gniniv  ill  tlio  Icft-liand  coliimu 
irve  ihe  figures  in  the  name  line  nt  the  column 

!■  the  figure  oorrapoDding  to  the  temperature  of  Fw.  i 
e.  EmiH^r, — A  speeinien  with  a  (cropcruture 
f.  hu  an  appurcut  I'pccific  gravity  of  1.034  ;  in 
of  1.034  under  the  column  IteiHlccI  17  we  liml 
tv*  326  ;  tiw  correel  specific  gravity  is,  then, 
Uistead  of  1.034. 

miiuttioa  of  F&t. — For  the  aecumt4'  (letcrmina- 
at  !«verul   methods  are  iu  use  including  the  foU 


p  Paper-eoU  Extraction  Method. — ^Tbis  process 
Mrins  <>r  thick  filter  paper,  free  from  rtiiiwturiecs 
«  ether  and  alcoliol,  about  6.25  by  Gi.h  cm.,  and 
t  eitraclion  apiKiratUs.  'ITje  rawt  ap|)n>vcx] 
the  Ullcr  oonsiHl^  of  tlirw  ncparate  pieces 
together  by  ground-gluss  joints.  (See  Fig.  3.) 
■od  bottam  pieces  are  respectively  nn  upright 
bod^nscT  and  a  flii^k.  Tlic  middle  piece,  which 
>n  in  which  ihe  extraction  prowess  occurs,  con- 
iglxM  cyliwler,  closed  at  the  boltouij  from  which 
)er  cj'Uader  with  open  end  projects  downward. 
I  cjlioders  arc  connected  by  a  side  tube  which 
b  the  upper  portion  of  each  and  also  by  a  siphon 
|r)9  fn-m  the  side  of  the  bottom  of  the  lurjjer 
extends  upwards,  then  turns  upon  itself,  pierces 
Be  part  of  the  wall  of  tlic  lower  cyliiulcr  ood 
p  wtthio  and  just  below  its  lower  end. 
tin  oae,  the  suhntaiioc  to  be  exiraeted  ifi  placed 
t  upper  c)'lindcr  upon  the  bottom  of  which  is 
wad  of  atkiorljeni  oolton,  which  prevents  the 
of  «oIid  particles  to  the  sipliuii  ttil»c,  or  it  is 

rtbio  a  cartridge  of  thick  filter  paper  which 
Witllin  tile  cylinder.  When  the  <3»rtri<ige  ip 
|b«et  to  plug  its  open  end  with  absorbent  cotton, 
\o  pi^vent  the  escape  of  fine  pHrticleJ«  of  the  con- 
ibatano:  by  floating  iu  the  extracting  medium. 
tree  ceparate  parts  are  joined  together  and  then  mounted  on  & 
k.  The  ether  ur  other  extracting  iiii-diiim  is  contained  in  the 
rii  has  been  accurately  weight^.  The  heat  of  the  water-hath 
k  ether  Iu  volutili7«,and  the  vapor  pusses  upward  through  the 
iato  the  extractor  and  thence  to  the  couiknser,  where,  com- 
iteci  witli  tiie  cold  surface  of  the  inner  tube  thereof,  it  con- 
d  fatls  upon  the  sahstanee  to  bo  extracted. 
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As  the  proocfl8  ooDtiniKW  the  oondcnsed  liquid  nocumiiUtM  And  gnul- 
ually  rises  until  it  reaches  the  bend  of  the  siphon  which,  when  full, 
h«^ns  to  act  nnd  di»cliar^  downward  into  the  Basic  until  tJu-  entire 
liquid  baa  been  returned  to  its  starting  point.  During  iU  aocutnuls- 
tion  it  nett)  upon  the  Aubslance  within  the  cylinder  and  extracts  man 
or  less  of  the  fal  or  other  stibi^tunoc,  an  the  ca»«  may  he,  whidi  ta  esr- 
ried  in  wilution  into  the  flask.  The  volatilization  eoutinueii  and  tfcp 
process  is  ropcatui  iignin  nnd  iif^iii  iw  long  iw  'it  neccasury,  and  in 
thii*  way  the  whole  of  the  extracted  matter  is  Snally  within  the  tb^k, 
since,  being  it^lf  non-volatile,  it  rcinaiiiK  behind,  while  the  liquid  bf^ 
which  it  is  extracted  is  sent  continually  upon  its  errand.  S 

On  the  completion  of  the  process  tlie  ether  is  again  wint  up  into  thr 
cylinder,  and  before  it  reaches  the  level  of  the  siphon  tlie  flask  is  di»- 
jointeil.     The  remaining  ether  is  cautiously  exfielled  and   tlic 
with  its  contents  placed  iu  an  nir-batli  maintained  at  100°  C.  until  i 
weight  is  eouAtant.     The  incr«iae  in  ihe  weight  of  the  fla^k  repre^'Q 
the  amount  of  matter  extracted. 

In  determining  the  fat  of  milk  by  this  prooeae  the  method  is  a.*  ft 
Iowa :   To  one  of  the  striptt  of  Alter  pa]>er,  made  into  a  cm\,  a  deliDi 
weight  of  luilk,  almut  b  grama,  is  applied  in  either  of  two  wars. 
SEoall  benkcr  containing  aliout  the  requinnl  amount  i.i  weigliiil  and  th 
the  coil   is  thrust  into  it,  kept  there  until  nearly  the  whole  has  I 
sbeorbcd,  and  then  carefully  withdrawn  and   placed  dry  edge  down- 
ward upon  a  sheet  of  gltuw.     The  btiikor  i^  llien  wcighetl  again  and 
the  lo»8  in  weiglil,  which  represents  the  amount  of  milk  abftorlK^.  is 
noted.     Or   the  beaker  containing  the  milk  and  a  «iniall   pipotle  is 
weighed,  and  then  the  necessary  amount  of  milk  is  transferred  to  tlie 
coil   from  the  pipette  after  which  operation  the  weight  of  the  beaker, 
pipette,  and  the  remaining  milk  is  notcil,  and  the  difTen'ncc  set  doini 
as  the  weight  of  the  milk  abemrbed.     The  coil   is  then  dried  in  an 
bath  at  100^  C.  for  an  hour  or  more,  at  tin*  cxpimtion  of  which  li 
it  is  ready  for  insertion  into  the  extractor. 

After  it  has  t)een  acted  ui>on  by  the  ether  about  a  doxeii  times, 
flask  'u  detached  and  treated  as  above  mentioned.     After  being  alio 
to  oool  the  weight  is  not^  and  the  percentage  of  fat  calculated  arith* 
metically. 

ExAMi'i.K, — The  amount  of  milk  absorbed  by  the  coil  was  4.950 
grams.  The  increase  in  the  weight  uf  the  fliL<k  wiut  0.173  gram. 
Then  Uie  amount  of  fat  present  in  the  sample  is  obtained  by  the  i-qnu- 
tion,  4.il5  :  0.1T3  :  :  100 :  j-.  whon-in  x  =  tiAii. 

2.  The  Werner- Schmidt  Uethod. — In  this  process  equal  volumes  of 
milk  and  hydrochloric  acid,  about  10  cc.  of  each,  are  mixi.t)  together 
in  a  test  tube  and  boiled  fur  about  a  minute  and  u-half,  or  bested  ia 
the  water  bath  or  Hieam  bath  until  the  mixture  is  dark  brown  in  color. 
It  is  then  cooled,  and  the  mixture  'm  idmkon  with  30  cc,  of  eiher. 
When  the  two  liquids  have  i-oparated  tJie  supernatant  ether  If  witll- 
drawn  by  ninns  of  a  pi|>c-ttc  or  blown  out  with  the  iwsiHtanee  of  ■ 
dotible  tube  such  as  is  used  in  wasli-bottleti,  the  delivery  tube  extend- 
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ing  into  the  ether  layer  very  nearly  sg  far  as  the  line  of  denuirkation 
botwvfD  the  elber  and  (lie  sci<]  mixture. 

The  ogwration  U  repeale<I  with  aeveral  freah  smaller  |»ortiona  of 
etiier,  anil  the  whole  of  the  ether  xuvil  is  tliei)  eulleclvtl  in  u  weighed 
flask.  The  ether  is  then  distilled  off,  and  tlie  Rmk  with  its  residuum 
of  fat  w  bt»led  to  coiMtant  weight  in  nn  air  hath,  eooled,  and  wctjjhed. 
The  prooesa  may  be  considerably  ehortencd  by  treating  the  milk  io 
a  f^Ridiuit^l  tube  and,  after  tliorough  shaking  with  ether,  removing  an 
aliquot  part  of  the  btter  hy  means  of  a  pipette  and  eva[>orulitig  todry- 
oew.  From  tlie  weight  of  ttiia  residue  the  amount  of  fat  in  the  whole 
volume  of  ether  can  be  readily  determined. 

Since  the  milk  taken  ii*  ineiiHiircd  and  not  weighed  a  correction 
mijjt  be  made  for  gravity. 

ExAMfu:. — Amount  of  milk  used  =  10  cc,  Sp.  gr.  of  specimen 
—  I.a32.  Weight  of  milk  used  =  1.032  x  10  =  10.32  grams. 
Amount  of  fat  found  =  0,397  gram.  PerocDtagc  of  fat  in  the  original 
milk  =  r  in  tJie  equation,  10.32  :  .397  : :  100  :  j.    x  =  3.84.         , 

3.  Tha  Bolweck  CentriftiKal  Method. — In  this  prucei^  equu)  volumes 
of  milk  and  strong  iiiil[^>iiiiri':  (ii.-i<l  an-  mixed  (ogetlier  io  6asks  of  s[)ecial 
design  with  narrow  graduated  necks,  and  (hen  wlitrled  in  a  ccntnTugal 
machine  for  a  definite  length  of  time.  On  the  completion  of  the  proc- 
em,  the  details  of  which  are  given  below,  tlic  fat  iu  a  pure  condition  is 
within  the  graduated  neck  and  the  percentage  i^  read  directly  off, 

TIh'  kind  of  ilu,sk  ui<ed  is  shown  in  Phitv  III.  It  linis  a  capncity  of 
about  40  cc.  The  graduated  portion  of  the  neck  has  a  capacity  of  2 
oc.  The  detaiU  arc  as  follows:  17.6  oe.  of  the  milk  are  Br»t  measured 
by  means  of  a  pipette  and  introduced  into  the  flnak.  Then  au  equal 
volnme  of  sulphuric  tieid,  Kpi^^'ific  gravity  1.800,  is  added,  and  the  two 
liqotda  are  thoroughly  mixed  hy  gentle  rotary  motion.  The  flask  is 
then  placed  in  a  centrifugal  nmchine  mode  especially  for  the  purpose, 
and  whirled  for  five  minutes,  at  the  expiratidn  of  which  time  hot  water 
ia  added  op  to  the  beginning  of  the  neck.  It  is  then  whirled  again  for 
Iwii  minutes,  and  mon-  liot  water  is  added  s»  m  to  bring  the  fat  layer 
well  up  into  the  neck.  After  further  whirling  for  one  minute  the 
deptli  of  the  fiit  layer  is  dctermiDed  by  reference  to  the  scale. 

Tbis  process  gives  sufficiently  accurate  results  for  all  jiractical  pur- 
poMB  and  is  in  common  use  at  cxjKriment  stations  in  this  country.  It 
is  mach  UMd  at  creameries  for  determining  the  butter  value  of  milk  sent 
io  from  the  surrotmding  country. 

The  employment  of  sulphuric  aeid  having  a  hif^her  speoiBc  gravity 
than  that  given,  say  1.K20,  is  objectionable  in  that  it  frequently  hap- 
peuii  ittat  it  is  iuqioMibk-  to  obtun  a  clear  fat  layer.  Ttio  fat  il«<olf 
may  be  turned  a  very  dark  color,  and  the  t^ugiir  of  the  milk  may  be 
attacked  to  such  an  exti^il  that  charred  portions  of  it  will  strpiinit^  and 
accumulate  within  and  beneath  the  column  of  fat  and  prevent  a  satis- 
betory  reading.  If  the  aeid  u.-ted  is  weaker  than  l.SO  the  casein  may 
not  all  Itc  heJd  in  solution  and  portions  uf  it  may  mingle  with  the  fut 
and  destroy  the  accuracy  of  the  test. 
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In  Plate  III.  \b  shown  (he  fat  laver  in  the  stem  as  it  oboald  bo,  free 
from  nlti'ratinti  of  ixilor  and  from  cnarrevl  Hiijrur  itnd  piirticW  of  atftitt. 
It  will  be  obserN'ecl  thst  tlic  linv  uf  deniurkation  lietwoen  the  wnter  and 
the  fat  ill  the  sti>ui  Li  verj  tthar]).  For  cream  a  Honk  wilh  »  much 
broacItT  nt'fk  is  cmployi-il,  J 

4.  Tbe  B&bcock  Asbestos  Method. — In  this  method  the  dried  tntalV 
eolids  obtainwl  by  the  iii<.'lhod  dt^cri^xMl  below  (No.  2)  arv  extra<-tc(l 
in  a  Soxhlct  extraction  apjiamtu^. 

Determination  of  Total  Solids. —  1 .  Weigh  into  « llnt-bottomcd  jihl- 
inum  dish  of  almut  '2  inches  (5  cm.)  diameter,  a  grams  of  milk.  PUw 
on  a  water-biith  for  an  hour  and  a-half.  Remove  to  a  hin-air  bath 
maintained  at  100°  C.  until  its  weight  ts  eonstunt.  Cool  in  a  desic- 
cator and  wci^li.  Tho  differc-nce  between  this  weight  and  that  of  the 
dish  alone  represents  the  total  solids  of  the  amount  of  milk  taken,  auil 
multiplied  by  20  expresses  the  percentage  of  total  solids  in  the  sample. 
If  for  auy  reason  tt  Is  desired  to  use  the  total  solidc  for  ciEtmotioa  is 
the  Soxhlet  apparatim,  the  dish  may  lie  partly  filled  before  weighing 
with  fini?,  clean,  dry  wind,  or  with  frcjihly  i|riiited  woolly  nj(bi-»to». 
One  objection  to  the  use  of  the  total  solids  in  this  way  is  that  it  is 
extremely  diffioult  to  remove  the  whole  amoimt  I'mm  tlie  ditih,  tii  the 
Bidi«  and  bottom  of  winch  a  portion  will  udhert'  with  great  tooaeiiy, 
and  can  only  lie  removed  hy  burning.  To  obviate  thi.-*  dinicnlly  lit. 
C.  Ii.  Spatilding  hai^  siiggc4t<^'il  the  lining  of  the  platinum  dish  with 
very  thin  tinfoil,  which  after  the  weight  of  the  t«tal  solids  host  been 
noted,  is  witlxlrawn  with  the  snnd  or  wbeiitCB  iind  with  it  inserted  into 
the  extraction  apparatus. 

The  residue  of  the  millc  dried  in  the  dish  alone  without  «niid  or 
OfllK-Atos  was  formerly  used  for  the  determination  of  fat  by  the  Wanklyn 
process,  whicli  consists  in  Klling  the  dish  wilh  freshly  distilled  naphUia 
or  withcthor,  and  allowing  It  to  not  upon  the  R^^iduoand  dissolve  out  the 
fat,  several  portions  being  used,  after  which  the  dish  is  again  dried  and 
weighed,  and  the  h*8  in  weight  taken  as  the  mwisurc  of  the  fat  con* 
tuinetl.  Inasmuch  as  the  solvent  cannot  penetrate  the  horny  layer 
which  forms  on  the  bottrim  of  the  di^tli,  not  all  the  fat  can  l>c  tiia» 
extractoii,  nnd  tin-  figures  obtained  arc  ordinarily  al>out  0..5  too  low. 

2.  The  Babcock  Asbestos  Method. — In  tliiN  pmi^ess  the  milk  b 
weighetl  into  a  i-ylimiiT  of  perforatwl  mct^l  or  into  a  filter  paper  cart- 
ridge filled  hxwely  wilh  freshly  ignited  woolly  anheiitos,  subjncted 
to  a  temptTature  of  100°  ('.  until  the  weight  is  eouslani,  and  lh«B 
cooled  and  weighed.  The  gain  in  weight  represents  the  total  solids  nf 
the  amount  of  milk  taken.  The  eyliixh-r  ejin  then  he  slipped  into  tiw 
extraction  apparatus  and  used  for  the  determination  of  fat.  ■ 

3.  Determination  of  Total  Solids  by  Formula. — Knowing  the  oorrret 
specific  gravity  and  the  amount  of  fat,  it  is  possible  to  determine  fairly 
aecurately  the  amount  of  total  solids  hy  the  use  of  the  formula  of 
Hehncr  and  Kiehniond.  Thii<  formula  is  as  follows:  F=O.S'iii  T 
—  0.2186  O,  in  which  F  represents  fat,  T  the  total  solids,  and  0 
Uie  figures  of  the  specific  gravity  U'yond  the  first  decimal  place. 
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ExAUPi.K. — Tbc  specific  gravity  of  a  specimen  of  milk  is  found  to 
be  1.030,  and  ibt  fat  content  3.9>j.  Then  applying  the  formula,  we 
hare 

3.U       =  0.6n  T—  <0l3I88  X  30)  or 

OlSM  T=  a.S6d  4-  X»i  =  \0.!m,  and  r  =  1S.S3. 

In  other  words,  multiply  0.2186  by  the  figures  cxprcsBiiig  specilia 
gnvity,  add  llie  percentage  of  fat  to  the  product,  and  divide  the  result 
by  i).859. 

Tb«  fiinnula  may  aim  l>e  uaed  to  dolcrmioe  the  percentage  of  fat, 
the  specific  gravity  iiml  total  solids  being  known, 

Dtterminatioo  of  Milk  Sugar. — The  amount  of  lactose  may  be  de- 
tcmiineJ  eilhi-r  cluminilU  «r  liy  nifflii!*  <>(  the  pulnrietropc. 

1 .  Ifathod  by  Fehlioc  Solntion. — Keagents  required.  Td)  Solution  A. 
IKaaolv«  34.639  gmms  of  pure  »ulp1iate  of  eop|)er  in  tiiMtiUcd  water 
and  dilute  to  a  liter,  (b)  Solution  B.  Dissolve  173  grams  of  jiotas- 
aium  twdium  tartrate  (IWhellc  i»alt)  in  di.'tlilled  water,  add  lOO  cv.  of 
sodium  hyilrale  solution  of  1.393  fp.  gr.,  and  dilute  the  mixture  with 
diptilUil  vruu-r  to  u  liter. 

In  making  a  determination,  10  cc.  of  each  Holutlun  are  mixed  in  a 
boiling  flask  of  q^ut  300  oc.  capacity.  The  amount  of  co])p(T  oon- 
tain«d  in  10  cc.  of  solution  A  requires  fur  its  reduction  .050  gram 
dextnine,  or  O.OfifiT  gram  lactose. 

PiEOCtxs. — Into  a  [lorcelain  cvaponttlng  dish  of  suitable  size,  dis- 
cbargc  from  a  pipette  25  cc.  of  milk.  Add  three  or  four  times  a«  much 
wntcr  and  hvat  to  40°  0.  .\dd  m^ctie  acid,  ii  drop  iit  a  time,  with 
oonatsnt  stirring  until  the  mixture  separates  into  curds  and  a  fairly 
clear  whi-y.  Tnmsfer  the  whole  to  a  gnKluiiti-d  TiOO  <•<•,  flnsk,  and 
dilute  with  water  to  the  300  mark.  Filter  u  portion  througli  a  dry 
filter  and  UHe  tiie  flltnite  for  titnuion.  Dihite  the  mixed  rni^eiits  in  tlic 
boiling  fl.isk  with  wnter  and  bolt  over  u  Bunsc-n  flame.  From  a  bur- 
etti^  graduiited  in  tentJuadd  the  filtrate  from  the  oiii'dsa  little  at  a  lime 
and  cijiiiiiinc  the  l)oiling  after  each  iiddiliou.  .\s  the  blue  color  begins 
to  appear  faint  the  addition  must  be  made  cautiouitly  in  order  uot  to 
oveTHtep  the  end  rcactioo.  As  soon  as  the  blue  color  is  completely 
dboharged,  note  tlie  reading  of  the  burette. 

The  calculation  iit  cxix-(.'diiigly  simple.  Since  O.OfiO"  gmm  of  lao- 
toee  ifi  required  to  reduce  ihe  copper  in  the  reagent,  it  follows  that 
that  amount  of  the  .'^ulHtauce  is  contained  in  the  number  of  cc.'s  of  the 
wbey  u#e<),  and  tlie  pereentugc  is  obtainetl  by  the  ap]ilicatiou  of  the 
rule  of  three. 

IVX.VMPI.F.. — Tlw  color  is  discharged  by  24.3  cc.  of  the  diluted 
wbev.  Then  in  the  whole  amount  of  milk  taken  the  amount  of  sugar 
wili'be  J-  in  the  (sjuation  24.3  ;  O.Of>(J7  : :  fillO  ;  j-.  x=  1.37'i.  The 
amooDt  of  milk  taken  was  25  cc.,  hence  in  100  cv.  the  amount  would 
be  5.49,  and  lhi«  amount  divideil  by  tlie  specific  gravity  gives  the  per- 
centage by  weight.  Supposing  the  specific  gmviiy  to  be  1.0.30,  for 
example,  the  100  cc.  of  milk  weigh  lO;!  gram.4,  and  tlie  true  percentage 
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of  sugar  wilt  be  z  id  the  eijiuUioit  103  :  100  : :  &.49  ix.  ar  •-  5.33. 
iDueinucb  iki  the  moui.t  of  llie  fir^  ojuation  anr  l-odsUhU,  the  reckon- 
ing rcsolvts  itiH-lf  into  dividing  lour  times  th«ir  product,  33.3S,  or 
133.4  by  the  number  of  cc.'e  used  and  dividing  Uii«  nviitt  by  the  »pe- 
cific  gravity  of  llie  .iiK-oiiiien. 

2.  Utthod  b7  Polariscopy. — TIk-  ilelcrmiiitttion  of  lactose  and  other 
sugars  liv  nii^ii.'*  of  tlte  polariscopo  oombiuee  the  advantsgu  uf  nccil- 
raoy  and  of  rapidity.  The  iit»tniiiK'iit»  iu  <ii>tuuioti  uiie  are  of  two 
kind^ ;  those  of  which  the  normal  sucrose  n-cight,  that  is  to  say,  llie 
aiDuunt  of  sucr<kec  which  diaaolved  in  water  and  made  up  to  100  cc. 
will  nhow  100  degrees  on  the  ecsle  w)»en  ubeervud  thruugh  n  2nO<Eam. 
UiIk',  is  2ti.0I.S  grants,  and  those  in  which  it  w  HJ.lil  grams.  Of  the 
former  the  Ventzkc-Schcibk-r  and  tliv  Sclimiiit  and  HaetL-^'h  modifica- 
tion, and  of  the  latter  the  Laurent  iDstrnment  may  be  n^rded  m 
types.  The  Schmidt  mid  Hwn^h  triple  field,  Imir-sliadnw  instrument 
poaseeeeB  the  ndvantnge  tif  doing  away  with  the  matching  uf  colon  and 
hence  may  l>e  used  liy  ihoc>^  who  are  col'ir-hliml,  and  evtn  with  those 
not  HO  ufUioted  gives,  on  the  whole,  the  must  satisfactory  rcsult». 

Pro(ji«h. — Into  a  flask  graduated  on  tJie  neck  at  1U2.6  cc.  if  the  in-fl 
etrumont  H!wd  is  one  of  which  the  sucroee  normal  weight  U  26.048^ 
grams,  weigh  (15.95  grams  of  milk,  or  into  one  graduated  at  101.6  oc. 
if  it  in  one  of  tlie  other  class,  weigh  40.D!tO  grams,  :idd  1  cc.  of  solu- 
tion of  mercuric  nitrate  uf  pharmacopceial  streugth,  shake  well,  and  di- 
lute willi  water  up  to  the  mark.     Filler  through  a  dry  filter  pa{>er, 
the  200  mm.  obscrvntion  tube  und  note  tlie  reading  of  tlic  scale  wh< 
the  field  of  observation  is  uniform.     The  readiug  divided  by  2  equ: 
tlie  ]HTi;cntiigc  by  weight  of  luetoso. 

The  w-oighte  C5.1I5  and  4U.9!>  represent  twice  the  normal  lactose 
weight.s  of  tlie  resiieutive  types  uf  irislrumontd  :  the  groduationa  103.6 
and  101. ti  are  adopted  instead  of  100  cc.  sinoe  the  dried  prcdpitated 
ounlii  from  the  respective  aniouuts  of  milk  of  averse  .-tpoeific  gravity 
Imvc  II  bulk  ciiiiiil  to  the  excess  over  100  cc, 

Detenmnation  of  Aah. — The  ash  nan  be  determined  by  ienitiiif; 
the  residue  obtained  in  the  dctemii nation  of  total  solids,  provided  no 
other  substance  has  been  inlrodneed  into  the  duh  ivith  the  milk.  Tht 
ignition  should  be  condueled  ut  u  low  reel  beat  until  the  a:<h  is  [lerfedly 
white.  The  dtsh  i.t  then  cooled  in  a  desiceatnr  and  again  WL-ighcd. 
The  dilUTcnee  iK-twcen  this  final  weight  and  the  original  weight  of 
the  empty  dish  represents  the  amount  of  mineral  matter  in  the 
amuniit  "f  milk  taken.  Or  a  larger  amount  uf  milk,  .'tay  20  grams, 
may  Ik.'  evaporated  with  a  few  cc.  of  nitric  acid  and  tlie  residue  ignited 
as  befure. 

Detenmuatioti  of  Proteids. — Having  determined  the  total  soli< 
fet,  sugar,  and  hsIi,  tlie  proteids  may  be  reck(>ne<l  by  difference,  th«t  ii 
by  subtracting  the  Bum  of  the  fat,  sugar,  and  ash  from  the  li>tal  solids, 
or  they  may  be  determined  directly  by  the  Kjeldahl  pntress  which  de- 
pends upon  the  conversion  of  the  nitrogenous  matter  into  aumionium 
eulpliate  which  is  then  dceomposed  by  un  excess  of  strong  alkali,  am- 
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mouia  b<>ing  set  {kc,    TliU  U  <>xp#11od  by  timt,  n)n(Icn»e(I  with  tlte 
acciimpaDriag  stesm,  ami  received  in  acid  of  known  sirength. 

'llie  prooani  is  ni>  fol)n\i'.';  -.  IiUu  a  KjcldnliI  di^i-stton  tln-nk  introduce 
a  definite  weight,  say  five  grants  of  milk,  about  0.7  gram  of  mercuric 
oxide,  and  20  cc.  of  sulphuric  acid  of  1.840  t^peciBc  gravity,  free  from 
nitrates  and  ammonium  imlphate.  Place  the  flaak  in  an  inclined  pu»i- 
tioo  and  beat  l>elou-  tbe  lioiling  point  of  tbe  acid  for  from  live  to  fif- 
teen tniiiules  or  until  frotliiiig  eeoMti.  Then  misc  the  Ik-»1  until  thu 
mixture  comes  to  boiling  and  continue  the  process  until  the  liquid  is 
dear  and  has  no  more  titan  ii  very  piilc  stniw  color.  This  will  ordi- 
narily reijuire  Xeas.  than  an  hour.  Withdraw  the  lump  and  drop  in,  in 
Mnall  (]Uiinlil!r»  at  a  lime,  jM'rmiinganiite  of  putn.-viium  until,  al\er  shak- 
ing, lite  liquid  has  acquired  a  permanent  green  or  purple  odor.  Thit 
addition  i^  not  gilway-'^  ur  even  uwally  uec(-i<i«ary  to  secure  complete 
oxidation,  hot  since  it  is  sometimes  required  it  is  best  to  make  it  a  part 
of  tbe  routine. 

Allow  tbe  contents  to  cool  and  then  tran^ffer  them  witli  about  200 
oo.  of  distilled  water,  plus  enough  for  thorough  rinsing,  to  a  distilling 
flask  of  almut  hbO  cc.  capticlty,  fittc<]  with  a  riiM>er  .^topper  and  a 
balb  tube  connected  with  a  very  long  Liebig  condenser,  the  delivery 
end  of  which  \*  fittwl  with  n  glas»  tiil)e  lient  at  right  angles,  so  that  it 
may  dip  beneath  the  surface  of  the  acid  into  which  the  dietilltitc  \i  to 
be  received.  Add  a  few  pieces  of  pumice  ur  granulated  Kinc,  or  about 
0.5  gram  of  sine  dust  to  prevent  bumping,  and  '2'}  cc.  of  a  fbur-per- 
ocnl,  atpieous  .eolation  of  sulphide  of  polasiiium,  to  prevent  the  forma- 
tion of  com|>oumb  of  ammonium  mid  mercury  which  are  not  wholly 
decompix^lile  hy  alkalies.  Shake  and  then  add  of  a  satiirBt^tl  solution 
of  HMiium  hydrate,  free  from  nitr»l4t<,  enough  to  make  the  reaction 
strongly  alkaline,  pouring  it  down  the  side  of  the  fla»k  so  n»  not  to 
mix  at  tmtrc  wilJt  the  acid  content«.  Next  w)nnect  the  flask  with  the 
oondenser,  mis  tbe  contents  by  gently  rotating  and  apply  the  flame. 
Distil  iitiil  n-oeive  the  di.iiillale  in  a  ves.-<el  containing  50  cc.  of  deci- 
normal  sulphuric  acid. 

When  iilmul  17JJ  e<'.  have  parsed  over,  it  may  he  assumed  that 
all  amniunin  bus  been  exfvelletl,  and  then  the  distillate  is  titrated  M-ith 
deoinormal  alkali,  U-^iog  cochineal  or  methyl  orange  nit  an  indicator. 
From  the  diflV-rt.iin;  in  strength  of  lln'  di-cinormal  acid  the  amount  of 
ammonia  is  cjiculatet)  and  from  this  the  amount  of  nitrogen,  and  tbia 
multiplii-<l  hy  (1,'2'>  give^^  the  totitl  proteids. 

Detection  of  Added  Ooloring  ISatters.  Annatto. — To  about  100 
oe.  of  milk  in  a  cylinder  about  l.o  inches  in  diameter,  add  a  few  cc.  s 
of  Mdium  curbonaU'  sfiliition  to  in-^ure  a  stiimgly  alkaline  reaction 
during  the  examination  and  then  intrmlnce  a  strip  of  heavy  white  lllt«*r 
paper  alxiut  0.5  by  5.5  inches,  and  set  the-  whole  away  in  a  dark  place 
over  night.  If  any  annatto  color  is  present  it  will,  through  selective 
affinity,  pass  from  tlic  milk  to  the  fiber  of  the  paper  which  thereby 
aequires  a  flnlmon  tint  the  depth  of  wlncK  is  ile]>endent  nulundly  ujKin 
the  amount  of  the  MiWtanoe  present.     The  strip  is  willulnivvn  from  tbe 
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milk,  washed  g«ntly  in  running  water,  and  laid  upoo  n  pieco  of  pitper 
of  llie  sHiiKr  kind  iin  ilet-ir.  If  §4>ii)uclini«  one  pnrt  »f  (hrnunatto  solu- 
tion io  lOU.UOO  is  prcEODt,  tlio  strip  will  show  a  diT^inct  salmon  tint. 
On  dipping  the  strip  into  stannous  chloride  solution  the  color  is 
changed  to  pink. 

Aniitlier  method  by  meauis  of  whioh  all  the  color  of  the  amount  of 
milk  opi-nitvil  upon  may  ho  vonri-ntnitcd  in  a  forra  l>est  adnpti-d  for 
preservation  and  for  exhibits  iu  court,  is  as  follows :  Coagulate  from 
100  to  ISO  w.  of  the  specimen  by  Uii'  application  of  heat  and  acetic 
acid  and  separate  the  ooagnlum  by  straining  through  a  piece  of  chwae- 
clotli.  The  ix>luriiig  miUler  being  iiimliiblv  In  arid  mi^dia  in  preeipi- 
talcd  with  the  curd,  which,  however,  will  show  to  the  eye  scnn^dy  any 
indication  of  its  presence. 

The  cunl  is  pluced  in  u  mortar  and  triturated  with  60-7J)  cc.  of 
ether,  which  is  next  transferred  to  a  stoppered  separatii^  funnel  and 
^ftkcn  with  10  ee.  of  a  1 -]>iT-cent.  solution  of  eaustie  mtla.  When 
the  two  liquids  becnmo  sGj>ar3ted,  the  latter,  which  now  contains  the 
annatto  oilur,  i^^  dniwn  nil'  into  two  small  porcvluin  or  glaj<«  dtslics 
about  an  inch  in  diameter  in  each  of  which  a  small  disc  of  filt«r-paprr 
is  plntH^d.  They  are  then  set  iLsidt-  in  thi-  dark  and  led  over  night. 
The  discs  arc  then  removed  and  washed  in  fnsih  water.  If  annatto  i* 
presi-nt  they  will  now  liavc  a('(|uire<laeijlor  varying  in  depth  aeeording 
to  the  amount  of  the  dye  in  the  sample.  One  is  imnici'scil  in  stannous 
chloride  solution,  the  other  in  weak  sodium  carbonate,  and  then  dried 
and  mount^.'d  on  a  white  curd.  The  colora  yielded  by  a  spwinien  of 
milk  to  which  no  unusual  amount  of  the  adulterant  has  been  added  are 
shown  in   Plate  IV.  M 

Caramel. — Pour  126  to  250  cc.  of  the  suspected  sample  into  an  equij  V 
volume  of  Ofl  per  cent,  alcohol,  and  filter.  The  filtrate  if  not  perfectly 
clear  must  be  returned  and  pusse<l  through  until  it  is  quit*^  frev  from 
turiiidity.  Any  caramel  jin^sent  will  Ih?  in  solution  in  the  alcoholic 
filtrate  and  may  modify  con!ii<kTabIy  its  color  which  is  nurmnlly  yel- 
lowish or  greenish  according  to  season,  the  latter  obtaining  in  spring 
and  summer.  To  1 00  &'.  of  the  filtrate  add  2  ec,  of  solution  of  basic 
acetate  of  lead  which  will  precipitate  the  caramel  together  with  any 
remaining  proteids,  the  preHpilat*-  .^Imwing  a  alight  brownish  («Ior  if 
caramel  has  been  nec<l  in  sufficient  amount  to  bring  ul>i>ut  the  impnived 
appearance  whieh  is  the  object  of  itit  employment.  Filter,  wash  with 
distilk'il  water,  ami  dry  in  an  air-biilh. 

According  as  the  amount  of  caramel  prpscnt  is  hirge  or  small  the 
liorny  rt-sidui-  on  the  tiltiT-pafwr  mIII  have  a  more  or  Uvw  deep  choco- 
late tinge.  The  residue  yielded  by  a  pure  milk  will  be  either  almost 
oolorleAi,  or  yellow,  or  slightly  inclinca  to  brownish  but  not  to  choco- 
latQ  color.  The  appearance  of  the  two  kinds  of  residue  is  shown  in 
Plate  V.  m 

('nmmel  may  also  l>e  shown  if  we  proceed  according  to  tlic  second^ 
method  de8cril)ed  for  tlic  detection  of  annatto.     The  curd  after  being 
freed  from  the.  wlicy  and  trittiruted  with  ether  gives  np  to  this  soIvcDt, 


PLATE  IV. 


Ai.       Bwlp  or  niMr  Papop  Dyvd  by  Imnwralon  In  Milk  Coloiwd  wlUt  Aanauo. 
Sama.  aftaF  Tr«B«fn*nl   with   Solution  of  Protoohlopld*  of  Tin. 


Residues  obtained  in  lesiing  Milk  for  Caramali 

Ftg,  I.     Fpom  uneolorsd  milk. 

Fl(|.  a.    From  mlik  oontalalnd  cBramvl. 
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only  fit  nod  sniratto.  If  caramel  or  auilius  arc  preM>nt  the  cun)  will 
■p|war  browiitfJi  in  tW  one  m.ii>  aiid  Dinre  or  less  intensely  yollow  in 
th«  oUkt.  if  (lie  curd  is  now  elinki-n  with  liydmi-Iilririf  iioid  om"  of 
the  following  clionges  will  l>e  ol>ae^ve^d.  If  orange  anilin  is  uroscnt 
tlu'  color  bc«>n)C8  brifrht  pink  ulmoet  immwlintety  ;  with  oaramet  it  be- 
oomea  gnduallv  hrawniah  blue ;  if  neither  U  present,  tli«  clmn|;<i  is  to 
blu«. 

OrUuu. — The  following  proccfis  ifi  recommended  by  O.  lycys,'     Re- 

isgenbi  r6f|uir«d.  1.  Animoiiiiival  ether  alcohol  mixture ;  alcohol  2,400 
oc,  I'ther  3,200  cc,  water  2U(l  cc,  nmmonia  watrr  sp.  gr.  0.92,  AO  eo. 
2.  Sodium  Milphnto  ftotution  1  :  10.  :{.  Amyl  alcohol.  Prooeae.  Mix 
AO  00.  of  milk  and  100  cc.  of  llie  ether  mixture  in  n  sepurutory  funnel 
and  abake.  When  tlie  li()uid!<  separate,  the  npjwr  one  will  contain 
the  fat  imd  the  lower  one  the  other  constitiM-nUi  of  the  millc  and  the 
Orleans. 

After  twenty  minnt<'«  IrnnHfcr  tlii.<  lower  |Mirti'm  to  aniithf^r  Ainular 
funnel  and  add  half  iu  volume  of  the  sodium  sulphate  sohitiun  ^^du- 
ally  nnd  vriihout  vhuking.     On  the  scpiiraliou  of  the  casein  run  the 
liqnid  through  a  metallic  sieve  into  four  test-tubes  to  about  two-thirda 
tlieir  eji[)aeity.     Fill  tliem  with  lunyl  alcohol  nnd  mix  thoroughly. 
I^ace  them  in  a  vessel  of  cold  water  on  a  wntcr-biilh   and   niise  the 
toaperature  to  S0°  C.     Decant  the  amyl  alcohol  into  an  eva}M>rating 
I     d»b  and  evnporatc  to  drj-nww.     Dissolve  the  ihirk  yellow  rtwidue  in 
I     annnonia  plus  a  little  water  and  alcohol,  introduce  some  white  cotton 
'     and  ngnin  f\Ti|Kiratc  almost  to  dryncBS.      The  ootlon  i»  _now  dyed 
jrellow,  and  is  changed  to  rose  pink  when  dipped  into  a  wciik  M>lntion 
of  ritric  neid  if  orlmn^  \\o.n  originally  preHcnt.     Normal  milk  giv<?s  the 
yellow  color  but  not  the  rose. 

Several  otlier  proce*>c-i  have  been  recommended  but  they  are  the 

sumr  in  principle  and  possess  no  mlvantagc-s  over  \\\v  iibuve. 

.         D«t«ctioii  of  Preservatives.     Borax  and  Boracic  Add. — These  suli- 

atatioe«  nrr  wusily  detected  eil!i<T  in  the  milk  it'seif  or  in  the  ash  after 

1     ignition  of  the  reaidue.     In  the  latter  ease,  moisten  the  ash  with  u  dn>p 

'     or  two  of  strong  siilpliurie  aciil  n«<l  after  a  few  minnten  add  :i  or  4  cc,  of 

airoag  alcohol.     Dip  a  wtrip  of  turmeric  paper  into  the  mixture  and 

allow  it  to  dry  withonl  the  «i<l  of  heat.      In   the  presence  of  cither  of 

the  substances  sought  for  the  paper  will    have,   wlun  <iry,   the   clwr- 

aeieristic  red  color  due  to  Imnw-ic  acid  inslcad  of  the  yellow  eolor  which 

will  be  niuintaine<l  in  its  absence.     Whil'-  the  \->&\<ct  is  drying,  place 

the  dish  in  a  dark  place  and  ignite  the  contained  ah^ohol.     If  boracio 

L     add  or  it*  tHxIium  compoiuid  im  prewnt  ihi-  Hame  will  show  al  its  outer 

f      edge  a  charaeteristic  greenish  eolonition.     This  i"  iliown  most  strongly 

directly  tiler  the  alcohol  is  ignitr'd. 

lo  iJie original  milk  the  test  maybe  made  iti  the  following  mnnncr : 

Mix  n  few  drops  of  the  milk  and  an  equal  amount  of  fresh  tincture  of 

I      turmeric  in  a  small  porcelain  dish  and  i-vaporale  on  a  wnUT-liath  to 

£Moi'>ten  the  nurfact^  of  the  residue  with  dilute  hydrochlorio 
■  JoTininl  dv  Phnrniiicw  ct  df  CLeinli^,  1808,  p.  280. 
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odd  aud  dn-  a)j:aia.  If  either  of  the  subslancee  b  present  tbe  r^doe 
will  Ik  ligliL  piak  to  diirk  n-d  in  cc>tor,  nnd  ttiv  nddilion  of  a  drop  uf 
amiiiDDla  water  will  clian^>  diiis  to  a  green  or  grcenisb  blue  according 
tg  the  aniouut  of  the  prcscrvativo  present. 

Salicrlic  Acid. — 1.  Acidify  about  75  to  100  oc.  of  milk  with  hydro- 
chloric aci(!  aiid  ^ejnarate  the  whey  by  filtration.  Shahe  ihe  aeid  whey 
with  ether,  di'cant  the  ether  into  a  watch-gluss  and  allow  it  to  evapo- 
rate. To  the  residue  on  tlie  wat«fa-g]asfl  apply  a  drop  of  neutral  ferric 
chloride  when,  if  Milicylic  uctd  u  prvuvni,  the  chitnieteriiilie  purple  color- 
ation is  produced.  *i.  Mix  tlie  milk  with  phosphoric  acid  and  stnun 
tliroiigh  cloth.  I'liWH'  the  liipiid  in  a  flii*k,  wnnecl  with  a  iNindt-nser, 
and  distill.  Test  the  distillate  with  ferric  chloride  from  time  to  time. 
Any  flalirylic  aeid  pri'itetit  will  go  over  with  the  i^taim,  nio«t  of  it 
toward  the  end  of  the  operation. 

Formaldehrde. — ilaiiy  procesjies  for  the  detwtioii  of  thU  sntt!<tanoe 
in  milk  lutvc  Wvii  devised,  some  exctt'ditigly  simple  and  othcre  iiuiie 
compliutlt.-d.  Those  which  give  the  besl  results  and  the  greatest  salis- 
fiu^tion  are,  on  the  whole,  those  which  arc  the  simplest  in  application 
and  require  tlie  least  expenditure  of  time.  The  test  must  be  applied 
within  a  fi-w  dayi*  iiftrr  the  addition  of  the  pre9er%*alivc,  since  aft«r  a 
time  it  cannot  be  detected. 

1.  Mt'TTHoD  BY  I)Kcot.oRiKRt>  FiJCRsiXE. — Through  a  solution  of 
fuehsinc  1 :  500  puas  a  current  of  sulphurous  acid  gns,  obtained  by 
heating  copper  wire  or  foil  with  sulphuric  acid,  until  the  color  in  difi- 
cliurgud.  Preserve  iu  a  glass-stop|jerwl  bottle.  To  10  ee..  of  milk 
add  I  oc.  of  the  reagent  and  let  ntand  ten  minutes.  Add  2  cc  of 
fining  hydrochloric  acid  and  Mhulcc  or  Ktir  hri:^kly.  The  color  which 
appears  in  the  first  instance  is  completely  discharged  by  the  acid  if  no 
foriiuddehyde  ia  preaenl,  otherwiae  a  violet-hliie  tinge  remains.  If  the 
amount  present  is  large  the  end  color  will  be  correspondingly  intense. 
This  methikd  will  dcd'ct  thi>  admixture  nf  one  part  i>f  formalin  in  oO,- 
000  of  milk.  If  the  milk  be  first  diBtille<l  and  the  liret  |>art  of  th« 
distillate  trealed  with  the  fuch.iine  solution  the  test  ia  delicate  to  ths  ^ 
extent  of  revealing  one  hi  500,000.  H 

2.  Mirnioi)  by  Phloroulucin, — Add  to  10  cc.  of  milk  in  a  test 
tube  2  or  a  oc.  of  a  0, 1 0-iier-wiit .  .solution  of  phlorogliHTin  and  6  to 
10  drops  of  10-per-oent.  solution  of  sodium  hydrate  and  shake.  In 
tlic  presence  of  formalin  a  gradual  red  coltutttlon  appears,  otherwise 
no  such  change  is  observed.  This  test  la  said  to  reveal  one  part  in 
."iO.OflO,  but  Hueh  n  rkitni  appear.i,  at^eording  to  the  experience  of  the 
author  and  others,  not  to  be  jmitified. 

3.  MBTHni)  RV  Fkrrk;  Ohloridk. — Mix  in  a  porcelain  dish  10 
ec.  each  of  milk  and  hydrochloric  aciil  {»p.  gr.  1.2}  nnd  one  drop  oi  m 
ferric  chloride  solution.  Ueat  and  stir  vigorously.  If  formalin  haa  f 
Wen  added  a  violel  color  will  ap])car  before  the  boiling  point  has  U-en 
renuhed,  varying  in  intensity  according  to  the  amount  present.  This 
proce-Hs  is  ext^cedingly  delicate  and  will  detect  one  part  in  ^00,000  in 
the  fresh  condition. 
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Flu.   I.    Coloration  Produced  lij'  Concenlraled  Sulphuric  Acid,  Sp.  Gr.  1.840,  in  ConUCI  1 

Pure  Milk. 
FiC    3.     ColoiHlion  Produced  by  .'sulphuric   Acid    of  Sp.  Gr.  1. 700  in  CoQtacI  with   Pute  J 
Fig.  3.     Coloration   ['loduced  by  Sulphuric  Acid  of  Sp.  Gr,  1. 700  in  Contact  with   Milk  I 

latnin^   i   Part  of   FormaMehyde  in   25,000. 
Fic.   4.      Coloration  Produced  liy  Sulphuric  Acid  of  Sp.  Gr.   1.700  in  Contait   ivit'i    Milk 

laining  I    Part  of  Formaldehyde  in  50,000. 
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4.  Mfthod  by  C(>iimf.r<-[ai.  BrLPitiriuc  Acid. — This  l«»l  itt  ex- 
eml'tog]}-  (Iclkato  and  very  cn^ily  npplittl.  It  nmiiot  lie  pcriurmed 
with  pare  Hulpburic  acid  mik-c  l)io  pre^eucc  of  a  trace  of  irr>n  is  nenw- 
Mir>-.  If  oiH>  ■.icsir(9  to  me  a  pun-  acid  rntlior  (Iiati  the  ordinary  oum- 
mercial  grade  the  addiUou  of  a  very  Bmall  amount  of  ferriu  chloride 
will  l>c  quite  !>uflicifnt. 

Take  about  15  to  "JO  oc  of  milk  id  a  test-tube  and  pour  about  S  t-c. 
of  the  acid  gt-ntly  down  die  »i<lo  »o  that  it  riiall  pass  under  rather  than 
mix  with  llie  milk,  l^t  stand  a  few  minutes  and  then  note  the  color 
at  tiie  junction  of  tlic  two  liiinid.".  If  formalin  is  prc.-M'nt  even  in  the 
sliglitmt  traces  a  violet  oolorntion  appears  at  the  line  of  junction.  In- 
asmocb  as  pure  milk  will  fihow  a  aomewhat  puriili.iJi  color  when  in 
oooUet  with  strong  sulphunc  ncid,  a  color  which  may  readily  be  mis- 
taken at  6rst  for  tlial  due  to  foroialdehyde,  and  since  nlm  the  charring 
that  ocean  at  thv  lino  of  junction  will  often  ol^Hcurc  the  rcnction,  the 
proecas  88  origiually  recommended  is  somewhat  faulty. 

Tbe  objections  are,  liowcvcr,  removed  by  dihiting  Ihc  strong  acid 
wHh  water  so  that  its  specific  gravity  is  rediiwfl  from  1.840  to  1,700. 
The  action  of  tJie  stningi,'r  acid  on  pure  milk  l»  ohown  in  Plate  VI., 
Fig.  1,  which  shows  the  dark  color  due  to  charring  and  the  purpliiih 
color,  above  sjwken  of,  due  to  tlie  xame  cauw. 

In  Plate  VI.,  Kig.  '2,  is  shown  the  apputnincc  of  the  lino  of  junction 
of  pure  milk  and  the  diluted  acid.  It  will  he  ob>M>rvcd  that  the  color 
produced  U  but  a  faint  yellow.  In  Plate  VI.,  Figs,  .t  and  4,  are 
abown  tlie  zones  produced  in  milk  cnntaininy  formaldehyde  in  the  pr«- 
pordoDB  1  to  2'i,000  and  I  to  ■')<i,000  by  ihc  u«'  of  the  diluted  acid. 
As  may  be  interred,  the  reaction  is  produced  rather  more  slowly  with 
the  weaker  acid,  it  is  Ixvt  to  allow  the  contuct  to  endure  ut  least  an 
hour  before  noting  a  negative  result. 

Otarooutet. — I'midevnux  '  n-<-omnicnd»  dissolving  the  aHh  of  about 
10  cc  of  milk  in  a  few  drops  of  water  iteiduluted  with  nitric  ucid  and, 
after  oeutmlizing  with  magnesium  uirbonate,  adding  a  few  drops  of 
teat  wlution  of  nitmlc  of  silver,  whereby  ii  red  pn'cipilotc,  chromate  of 
silver,  is  formed.  As  a  control  test  he  recommends  taking  up  another 
portion  of  imIi  with  water  iiciduhitvd  with  sulphuric  ncid,  nn<l  iitkling 
little  by  little  some  tincture  of  gusiscum.  In  the  presence  of  chromutes 
ut  intense  blue  color  is  produced  which  disappears  very  tiuiokly.  This 
pncesii  will  detect  I  part  in  50,000.  Guerin  *  cliiims  grtyilcr  delicacy 
for  ibc  following  method  :  To  5  or  10  cc.  of  milk  add  2  drops  of  a 
I-per-eenl.  M>lulion  of  sulphate  of  eop]K'r  and  2  or  ;i  dropit  of  freshly 
prepared  tincture  of  gnaiaoum.  Pure  milk  gives  a  greenish  color,  while 
milk  mnlaining  1  part  in  100,000  will  give  an  intense  blue  which 
re^K'hfv  iti  maximum  in  :i  few  minule-i. 

Methods  of  Distiuguishiiig  between  Eaw  and  Oooked  UUk. — To 
determiite  wlielher  or  not  milk  bus  been  cooked  Oiriimo '  recommends 


>  Joumnl  lit  I'harinacic  cE  ile  t'livmiv,  l^'.itl,  p.  155. 

■diMiiiki'r  Zfitiintt,  Udl,  p.  174. 

■Oiomalc  <li  Fiu-iiuicln  dl  Tri«-li?,  KWi,  p.  STfi. 
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ng  a  few  CO.  of  the  specimen  in  a  porcelain  <liBh,  adding  a  &v| 
Dps  of  QOt  too  old  nil  of  Iiir[K*nlinc,  warming  genlly.  and  llutii  addin 

tincture  of  guaiacura.     If  Uie  utlk  has  not  been  boiled  a  blue  ct^o 

a|>pear«,  ollierwixo  it  doe.t  not. 

Diipouy  '  Rivt*  tlip  fullowiiifj  toKla : 

1.  Guaiacol.     I'^iial  volumes  of  milk  and  a  1-per-ceni.  tmlutiom 
guuiucul  in  waU-r  are  iiiixc<l  togi-tlivr  and  treali-d  witii  byiinjineii  j^m 
oxide.     An  immediate  yellow  color  indicates  that  the  specimen  lias  i 
bcvii  linilitl. 

2.  Ilydroquiiionc.     Three  cc.  of  uiilk  are  niixcil  with   1  ccofi 
fre^h   1 0-[tcr-oenl,  a<)iieous  Wntion  of  hydro([tiinont'  and   15  dropni 
hydrogen  ]K^roxidc.     If  tlic  milk  liur>  nut  Ix^-n  iMJIcd  an  imracdia 
rose  color  apjteara,  and  in  a  few  minuter  green  crystals  are  depoeit 

3.  PyrtK'atcchin.     l'^|iinl  voi)im(-!>  of  raw  milk  »nd  an  aqueoint  It 
per-oent,   eoliition  of  pyrociit«chin   are  brought  together  and  tr 
wilh  hytirii(^cn  |«Tiixidu.     A  yellowish  brown  (\iKir  in  produced.     Wid 
boiled  milk  no  color  appears. 

i.    (I'Naphthol.     Raw  milk  with  an  aqu<H)uii  Holution  of  ci^naphti 
ami   hydrop'n   iK-roxiiU-  (jivcs  u  violot-bluo  color.     Boiled  milk  gite 
none. 

Detection  of  Oelatin  in  Cream. — For  the  dutcetion  of  gelatin 
cream  to  which  it  is  sometimes  added  to  give  it  body,  Stokes' 
mends  the  fntlowing  procorlnre  : 

Dissolve  some  mercury  in  twice  its  weight  of  strong  nitric  acid  (s| 
gr.  1.420) ;  dilute  with  water  to  2.i  time:*  itii  bulk.     To  nltout  10 1 
of  this  solution  mid  u  like  quantity  of  the  cream  and  about  20  oc  i 
oold  water.     Shake  the  mixture  vigorously,  leiive  il  (or  five  minut 
then  filter.     If  mnch  gelatin  be  ]irf>.scnt  it  will  be  impossible  to  get : 
olear  filtrate.     To  the  filtrate  or  to  a  [wrtion  of  il,  add  an  equal 
of  a  satiiraled  aqueous  ."tolntion  of  picric  acid.     If  any  gelatin  be  pp 
ent  a  vflKiw  precipitat*'  will   be  immediately  produced.      The  whola 
0|>cration  is  performed  in  the  cold  and  if  the  mercury  solution  m  rcsdyj 
will  not  tnko  nmre  than  10  niinutei<.     Picric  acid  wHll  show  tlie  pre»-» 
enoe  of  one  part  ofgehitin  in  10,OOU  parts  of  wat*r. 


BUTTEE. 

This  valuable  milk  pnxluet  is  the  result  of  violent  agitation  of  • 
until  ita  fat  coalesces  into  gramilar  particles  which  are  then  scp 
flttm  (he  fftiidual  buttermilk, "  worked  "  to  ckik'1  as  much  of  the  1st 
aa  possible,  and  with  or  without  the  addition  of  salt  and  ixitoring  mat 
tvr  formed  into  ■'  printe"  or  "pals,"  or  packed  in  bulk  in  boxes 
firkins.     Its  natund  color  variw  with  the  season,  the  sn-called  Ji 
butler  made  when  the  cows  from  whose  milk  it  is  produced  are  fe 
ongTus.'i  iK'iiigbright  yd  taw,  while  that  made  when  they  are  stalled 
fed  on  liay  and  otlwr  winter  feetl  being  almoett  white. 

■Journal  do  fharmacic  «t  dcCheniHs  IS9T,  p.  39T. 
*Tli*  Amtlm.  Dmwnifacr,  IS9i. 
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The  popular  <lciniind  being  for  a  yellow  article  the  vear  rotiDd,  it  la 
Cttstonmry  to  secure  Uiis  color  otit  ofscftfton  by  the  adijition  of  annsUo 
and  otlicr  barinkiM  vegetable  cnloring  agents  the  use  of  wbicli  baa  al- 
most universally  the  laiK'tion  of  luw. 

The  flavor  U  much  intloeiicMl  by  the  olmractcr  of  the  feed,  by  the 
CUV  exeivtM-d  in  tnannfiieture,  by  iIk  iiiiiuiint  of  a«l<l(H)  wll,  by  agp, 
ftad  by  the  circarostatieea  of  storage.  Like  milk  it  absorbe  odors  vory 
mdily,  t>o<h  thoi^  which  improve  and  thnm  which  imfmir  itx  flavor. 
Taking  advantage  of  this  fact,  it  i§  the  custom  in  the  valley  of  the  Var 
and  in  m>ii>e  nthi-r  lomliliiT^  to  ytlan-  the  freshly  made  pmduet  in  prox- 
imity to  jasmine,  violets,  ttibenjites  and  other  fluwi-ring  plants  in  order 
that  tlwir  fragrance  may  be  absorbed.  Thia  practice  is  known  w 
"  eafleonge." 

The  tDost  delicately  flavored  butter  under  natural  conditions  ia  that 
to  which  i>o  Kilt  lui«  lM.>-n  nddi.il,  but  it  bait  the  dixndvanta^'  ttuit 
within  a  short  time  it  ac^jiiires  a  "  clieesy  "  flavor  due  to  <lecotn|io«ition 
pruonw.v.  Owing  to  its  lack  of  keeping  <p]alitie8  and  to  the  very  general 
preference  for  a  more  pronounced  taste,  the  addition  of  salt  in  varying 
■luomitH  b*  the  rule.  Ktitter  of  good  equality  hai  but  sliglit  odor,  but 
that  whieh  tins  undergone  the  eomnioD  cliaii(;eH  due  to  bacterial  action 
has  the  characteristic  odor  and  taMc  of  rancidity.  This  is  due  to  di>- 
composition  of  the  Hmall  amount  of  curd  which  in  entangled  in  the 
maldng  and  which  caunol  be  wholly  excluded.  The  fat  itself  when 
aBfmte<l  fmm  the  curri  by  melting  kee|H  uneliangiii  fur  lung  periwis. 
In  randd  butter,  butyric  and  otlier  acids  are  lilwrated,  and  others,  as 
formic,  are  tbrmetl  by  nbM>rplion  of  oxygen.  I'mler  wHUe  miuHiiiil 
eoodilions  not  wholly  understood,  butter,  without  becomiug  rancid  in 
the  luool  aensc,  undergoes  n  change  to  a  perfectly  white  suhHlauce  with 
a  very  moriced  tallowy  odor. 

Butler  varies  oon.'<idcndily  in  composition,  but  a  fair  average  may 
be  statMl  as  IbUon's : 
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It  may  be  made  to  contain  a  considerably  higher  percentage  of  water 
witli  cormpondingly  less  Oil. 

The  &t  is  composed  of  glycerides  of  two  groujis  of  fatty  acids 
which  have  nlrwMly  been  mentiow<l  in  the  description  of  milk. 
Tboae  of  the  insoluble  non-volutile  aeids,  oleic,  stearic,  and  palmitic 
ocNMtitate  almut  OS.'i')  per  ncnt,  of  the  whole,  and  those  of  the  soluble 
volatile  acidic,  butmc,  caproic,  caprylic,  and  citpric  m^ke  up  the  balance. 
It  is  to  the  second  group  (hat  butter  owes  its  distinctive  flavor. 

Tl»c  amount  of  water  depends  very  largely  ujion  the  tboroughnen 
with  which  the  buttermilk  ia  worked  out.  In  order  that  more  water 
nmy  be  held  and  ihua  a  greater  profit  realixcd,  some  makers  have  cm- 
ployed  gebtin  an  an  a<lultenint.     One  gram  of  this  subntanoe  will  take 
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up  abont  10  of  water  and  when  mixed  vnth  butter  to  the  right  pi 
tion  will  hold  waKr  in  the  ohovo  ratio  without  ftfTectJug  iiu:  oonsLst 
injurioueiy.     Others  employ  glucose  both  for  this  purpose  and  as 
preservative. 

The  saltj!  include  those  imtunil  to  milk  and  those  added  for  tlto 
ventioD  of  rapid  decoiuiMiHition.  The  usual  addition  is  common 
but  the  ii^c-  of  lioric  aclil  ami  l>ornx  i^  frrathially  cxtt-tidin^- 

Outaide  the  use  of  preservativea  and  of  agenta  to  aaaiat  in  n 
water,  butter  is  not  much  iTubject  to  adulteration  exce)>ling  in  tli« 
that  substitution  of  :in  article  of  \vs*  vuluo  when  butter  is  called  for 
a  form  of  adulteration.  This  Aubstitnte  is  variously  known  u*  artifii 
butter,  hiitU-riiie,  oleoma i^rine,  and  miirpiriuc.  Under  the  Uni' 
States  statutes  all  butter  or  substitutes  therefor  made  to  rovemblc 
containing  rat«  other  than  cream,  ghall  be  known  aa  oleomargarine. 

Following  the  original  procosii  it  is  made  from  fresh  beef  suet  wli| 
afl^-r  iK'ing  cooled,  washed,  and  cut  into  vi'ry  (iiii-  pieces  by 
is  subjected  to  a  tempfnitun-  of  about   110°  F.  for  several  houra 
order  to  separate  tlie  fat  from  the  tissue.     It  ia  iJicn  drawn  off 
kept  for  u  time  at  80  to  90°  F.  at  which  temperature  the  stearin  s^i 
fies,  and  then  is  separated  by  pressure  from  the  "oleo-oil."    Thel 
is  churned  with  milk  or  with  milk  an<i  penuino  butter,  colored 
anoatto  and  otherwise  treated  like  butter. 

At  the  priisenttinie  it  is  made  not  alone  from  bccfsuet  but  to  a 
greater  extent  from  "  neutral  lard,"  a  product  of  leaf  lard, 
seed  oil  is  used  to  some  extent,  but  natnrally  it  w  not  so  well 
to  the  pnrjiow  n»  the  solid  fiit«. 

Oleomargarine  has  been  misrepresented  to  the  public  to  a 
extent  [mibuhly  tlmii  any  other  article  of  food.     From  the  time  of 
first  appearance  in  the  market  as  a  competitor  of  butter  tlienj  liwit 
a  constant  attf!m))t  to  create  and  foster  a  pn-jiidioe  agiiini^t  it  as  an 
wholesome  article  made  frtun  unclean  refuse  of  various  kin<Is,  a  v 
for  disease  germs,  and  a  disseminator  of  tajH'Worms  and  other  un 
oomc  parasite)!.     It  bus  been  isai<l  to  be  made  from  soap  grease, 
tJie  carcasses  of  animals  dead  of  diseaae,  from  greajw  extract*-*! 
sewer  sludge,  and  fr^irii  a  variety  of  other  articles  equally  unadapi 
to  it«  manufacture. 

The  most  absurd  statement  which  the  iiuthor  has  seen  ap{>eared 
the  annual  rcimrt  of  the  board  of  health  of  a  community  lai^-  enoi 
and  rich  enough  to  be  able  to  afford  belt«'r  wrvioe ;  this  was  that] 
large  pari  of  the  aiiiiuid  output  was  made  from  the  grease  of  dogs 
while  suffering  from  rabies  by  tlie  ]>fdiec  in  the  strixits  of  larvc  cii 

The  publication  of  a  great  ma««  of  untruth  cannot  fail  to  have 
desired  effect  not  solely  on  the  minds  of  the  ignorant,  but  even  of 
of  those  of  over  average  intelligene*-.     So  it  is  that  a  prejudice 
created  against  this  valuable  food  product,  but  it  is  gradually  beown 
leae  and  less  pronounced. 

The  truth  ei.iriceriiing  oleomargarine  is  that  it  is  made  only  from 
deuncst  materials  in  the  cleanesi  possible  manner,  that  it  is  quite 
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wholMomc  aa  butter,  and  that  when  sold  for  wIiAt  it  \»  aiid  nt  ita 
proper  priM  it  brinpi  into  the  dietary  of  thow  who  cunnot  nflbrd  the 
betb^  gmdea  of  butter  sn  important  fat  food  much  tmperior  in  llavor 
and  keeping  prop«Tly  to  l\\v  cbnipcr  gruik-s  of  butler  wbicli  bring  a 
better  price.  Oleoma r)farine  cannot  l>e  made  from  rancid  fiit,  and  in 
its  iinuiifaol4irc  grciit  mrv  miut  be  exerciocd  to  exclude  any  Diiitcrial 
however  ali^btly  tainted. 

It  M  not  and  rannot  be  made  from  fatti  having  a  marked  or  die- 
tioctive  taate,  and  its  flavor  is  ^Icrivcd  wbolty  from  the  milk  or  genuine 
butter  employed  in  itAnuiniifacture.  It  coniaim^asarule  \esn  >vat«.'rtlmn 
does  genuinv  butter,  and  <»n!Ki|UOntly  any  ditTi-rt.-neG  in  food  ^-nlue  U  la 
iti  favor.  It  underlines  decomposition  much  more  slowly,  and,  indeed, 
may  be  kept  many  months  without  Itet^uniing  nni<.'id.  Much  ban  been 
said  concerning  iu  digestibility,  and  alarmii^ta  have  gone  so  far  as  to 
claim  tliut  it  i«  quite  indtgei^lible  and  likely  t^>  pmve  a  prolific  cause 
of  dyspepsia,  quite  forgetting  that  the  materials  from  which  it  is  made 
have  held  a  phu^  in  the  dietaries  of  nil  dvili»>d  peoples*  i«iDce  long 
befuiv  butter  was  promotnl  from  its  position  as  an  ointment  to  that  of 
an  article  of  fowl.  Many  c^>m{mnitivv  studies  lukve  been  madeon  this 
point  and  tho  mulls  in  general  have  ^howii  that  tlicre  is  little  if  any 
difference.  H.  LQhrig '  bas  proved  by  careful  experiment  that  the 
two  arc  to  all  intents  and  pur[)0»eH  exactly  alike  in  potiit  of  digesti* 
bility. 

Oleomargarine  has  been  the  subject  of  a  vast  amount  of  restrictive 
le^Eation  wherever  it  ia  made  or  sold.  This  has  been  passed  Iti  the 
inten-«t  of  the  dairymen  ami  liectiuite  of  the  ease  with  wliieh  it  may  be 
fintudaleDlly  sold  as  butter  at  butter  prices.  To  the  practice  of  truud 
ID  it«  reuil  «lo  is  due  very  liu-gely  the  passage  of  prohibitive  laws, 
many  of  which,  however,  have  been  declared  tinconstitutional.  la 
Mamocbusetts,  for  example,  it  hod  at  one  time  a  very  large  sale,  and 
is  the  CHty  of  Bostoa  alone  were  nearly  200  licensed  dealers.  But  tli« 
•monntof  fraudulent  dealing  via»  so  great  that  the  Iiegislalure  passed 
an  act  pnjliibiting  its  sale  if  it  eontuine*!  any  ingredient  causing  it  to 
look  like  butler ;  in  other  words  no  annalto  or  other  aubstaiK!*'  which 
would  cause  it  to  l>c  yellow  oould  be  ami  in  it»  umnufticture.  Since  its 
uatoral  color  is  almost  white,  and  since  white  butter  does  not  appeal  to 
ibr  eye,  the  result  was  pmetieally  tlie  withdrawal  of  the  article  from 
open  nie. 

In  Germany  on  aeoount  of  traudulent  practices  in  the  adulteration 
of  tmtter  with  ok-omurganne,  the  government  passed  in  1 8!)7  a  statute 
rec|uiring  the  latter  to  contain  10  per  cent,  oi  oil  of  sesame  so  that  any 
subsequent  admixture  with  butter  may  be  niidily  delected  by  Bau- 
dooin^  reaction.  This  is  a  red  coloriition  brought  about  when  oil  of 
M<Mm«,  furfuDil  and  hydrochloric  acid  art-  brought  t^igelher,  and  ii  is 
BufBciently  delicate  to  show  the  adulteration  of  butter  with  2.5  per 
o'ut.  of  oWi margarine  containing  the  oil  in  the  proportion  stated. 
Experiment  has  shown  that  butter  made  from  the  milk  of  cows  fed  on 
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SWAtat  Unfg  not  yield  the  reaction,  but  thv  fat  of  tJie  milk  of  goatt  fed 
|»artly  nn  ■H?sanic  hjw  been  round  to  give  it, 

Tliv  principal  dicniiciil  di(ri.'r(.'nce  betwi-cn  butter  and  oliNHuargirine 
lies  in  the  relative  amountfl  of  glyceridoi  of  the  soluble  and  iwwlnble 
fttiy  iind».  Genuine  biittor-l'ut  4x>nt»ins  notirlv  S  (ht  cent,  of  butyrin, 
oaproin,  caprin,  8i)d  caprylin,  while  the  arlilicial  product  cy>ntain.4  thrae 
glyoerideri  only  iw  ihi'v  art-  inlrodiiocd  in  tin*  nniount  of  milk  or  butlw 
with  which  it  is  uhurncd,  for  tJiey  aro  not  prceent  in  suet,  lard,  and 
other  animal  fiitii. 

Of  lute  yuirfi  higli-^nndv  butter  Itas  found  nnothcr  formidable  com- 
Itrtitor  in  what  i»  variously  known  an  renovated  iiuiier,  pnHx-.-v>  huttcr, 
nnti  IiuhU  huttcr.  The  rontvriiil  from  which  this  in  ninrle  is  Ratbcrcd 
from  dairies  »catlercd  over  a  wide  expanse  of  country  and  difiers 
widely  ill  color,  texture,  ago,  tind  flavor.  It  ii*  nioJted,  puritiod  of  it* 
ranciditv  hv  wsi^tiing,  made  of  ihc  proper  vellow  color,  and  rechumed. 

Batter  as  a  Carrier  of  Disease. — SiiKv  milk  i»  known  to  Iw  a  car- 
rier of  the  germs  of  certain  diseases  under  Bome  conditions,  the  poesi- 
bilily  that  butter  may  net  in  thesnme  way  .'tuj^sls  itM^lf,  and  th«  more 
strongly  since  in  onlinsry  creaming  of  milk  all  hut  a  wry  small  pro- 
portion of  tJie  l«ieteria  rise  with  the  cream.  Ordinary  butter  eontaiu 
millions  of  buc.teria  to  (he  gram,  but  whether  the  jmthug'nie  fonns  can 
•  long  survive  has  not  been  very  extensively  investigated,  except  in  tiie 
«a9C  of  the  bucilluK  of  tuberculosis.  The  bacteria  nf  rholcm  and  ty- 
phoid fever  have  been  known  to  surrive  several  days  after  being 
planted  in  butler,  hut  1>eyond  thin  we  have  Itttb  kniiwli-<lge. 

Rrusafcrro,  in  IS'J},  produced  tuberculosis  in  ii  rabbit  tfarougfa  the 
ii^jection  uf  butter  nuide  from  the  milk  of  a  cow  with  a  t^il>crcutoiii 
udder.  Koth,  in  1894,  got  similar  rcsultx  and  found,  moreover,  that 
(wo  out  of  twenty  market  saroplett  of  butter  U-^ed  by  liira  yielded  poi^i- 
tive  results.  Schnohardt  got  negfitivc  r<»ultj^  from  forty-two  samptw, 
while  ObcrmQller  found  the  bacilli;-  in  every  sample  of  Berlin  butter 
used  in  his  firet  series  of  ex|H-rinK'ii<st.  Dr.  Lydia  Kabinowitjtch  '  ex- 
amined eighty  samples  obtained  partly  in  Berlin  and  partly  in  Phih- 
dclphia  and  found  genuine  tubercle  l>neillt  in  not  a  single  imttance. 
She  did,  however,  linil  a  spurious  orguni^^m  which  produced  in  guinea- 
pigs  chiingt*  which  reijuirfid  very  careful  examinulioti  for  the  lyvcia* 
tion  of  their  no u -tuberculous  chnrncler.  This  was  present  in  28,7  per 
cent,  of  the  samples.  _ 

Petri'  found  the  same  organism  ia  37.2  per  cent.,  tJie  genuine  h>-fl 
eilluc  in  ."i'J.-l   per  cent.,  and   neither  the  one  nor  the  other  in  30.4  per 
cent.     OhermrilliT'  ucing  nalu^l  butter  in  a  second  m^riei*,  dctcnninc<l 
that  the  injection  of  the  butter  fat  itself  introiluccd  a  cause  of  irritation,  H 
and  u««d,  tlicrefore,  in  hi.t  next  set  the  watery  fluid  .separated  from  Uie      , 
butter  by  heat  and  ccntrifugating.     Four  samples  out  of  ]0  from  the 
sumo  source  a^  hiit  (inft  lot  gave  undoubted  e\'idenoe  of  the  premMioc  of 

>  7jeil*cht\h  f(ir  Ilysi*^?  and  Infcclinnikrnnkhciirn,  XXVI.,  p,  60l 
*Arbritcn  niu  di-tn  lui>wrlic'li«u  (iwiinillieiUotiitc,  ISI'H,  p.  27. 
■IlfKlnuwtioRiindMhBu,  1890,  No.  Z 
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geouitie  tutwrole  bacilli.  Otto  Korn  *  fuiiiid  tltcni  in  23.6  per  CfttiU 
of  Hatiiplts  purchsMsl  in  Freiburg,  and  Or.  C,  Cog^*  in  only  2  out 
of  lOO  aampW  purchaspil  in  Milan,  though  in  n  nnmlxr  ol'  lb<-iii  tlio 
spuni>ui>  ui>;iinisiu  vmf  prv-wiit.  Morgcnrotfi'  has  Mibjected  olt'oraar- 
garine  to  the  same  investigation,  sinoc  milk  is  uoed  in  ilA  manufaRttini, 
aiul  ba.t  rf[M>rti-(l  )Miviiliv<'  rtsnltit  from  9  out  of  20  snmplcs. 

\Vp  have  s%a  yd  no  evidence  whatever  that  tuberculoitis  han  ever  boen 
spread  through  the  agency  of  butter,  bnt  the  Mibjert  d<«erves  most 
tlioii^litful  coni^idtrration. 

Analysis  of  Butter. — Ordinarily  the  oxauiiiiiition  of  )>utt('r  w  lim- 
ited tu  tile  dctvnuination  of  whether  or  not  it  Is  miiced  with  or  replaced 
by  oleomargarine,  but  for  the  dctertni nation  of  itn  food  viilue  it  \»  nvc- 
CHKry  to  asoortain  the  prc^porttons  uf  fat  and  water.  It  is  aometimes 
of  interest  also  to  (letenuine  the  amount  of  .talt  and  the  pre»enoc  ofl 
oUii-r  jin-MTviitivt'*. 

Detcnnination  of  Water. — Weigh  a  gram  or  two  of  tlie  ttample 
into  a  pLttinunt  dUh  micIi  iis  \»  u^  in  tbi.-  unnlvKis  of  milk  and  dry  to 
Oonttant  «i.if;lii  on  the-  uater-batJi. 

I>«t«nmnation  of  Fat.— Kxtnict  thi.-  r<«iduv  from  the  preceding 
dclermi nation  willt  ether  or  freshly  distilled  naphtha,  being  careful  not 
to  remove  any  of  the  partiele<)  of  curd  or  Halt,  Tin-  prow**  of  extrac- 
tion m  very  simple,  eonMsttng  einiply  in  filling  the  dish  about  half  full 
of  the  eolveot  and  after  a  nhort  time  (ieeautiug  it  i-arefully  iii(<>  niititJu-r 
venel,  and  re[H'ji(iug  llie  0|>enitiriu  until  notJiing  in  extracted.  The 
•olveot  or  an  aliquot  part  thereof  may  be  evajKinited  in  a  weighed 
beaker,  or  the  di.nh  may  be  iignin  h«it«I  to  a  constant  weight  aud  the 
fiit  detemiine<l  by  difference.  The  residue  now  repreitents  the  curd, 
lacl.iH(>  !iiid  iiiitK-ra)  uialterH. 

Determination  of  Salt,  etc. — Ignite  tliis  residue  at  as  low  a  tem- 
peratiir*"  -.if.  ]»i3sible  and  thus  burn  off  the  casein  aud  liiotoMe.  Their 
cvmbiiied  Hvigtil  is  asc'ert^ine^l  by  weighing  the  dish  anew.  A^liat 
DOW  remains  in  the  dish  is  mineral  matter  eompriAing  thi-  xidts  naturul 
li>  milk  and  thow  added.  Common  suit  may  be  determined  by  treat- 
ing the  final  residue  u-ith  n-ater  acidulated  with  nitric  acid  luid  litnUiiig 
in  the  usual  way  with  Mundanl  solutjou  of  silver  nitrate,  using  }H)tas- 
«ium  cliromiite  as  an  indicator, 

AtMther  method  of  detenniniug  ?ialt  }»  as  follows.  Shake  ii  known 
wnehl,  ^10  gmmif,  of  the  anmple  with  hot  water  in  a  stoppered  sep- 
aisbi^  ftmnel  until  it  is  completely  melted,  let  titaiid  until  the  fat 
gatbere  on  the  tnurliu-c  of  the  water,  and  then  draw  off  tlie  latter  ihrougb 
the  stopcock.  Ue[ieat  the  operation  with  suoceeriive  portions  of  about 
'JI1-2.5  cc.  of  hot  water  until  a  fewdrop»  of  the  wiiHhing^  tested  with 
silver  nilrule  fail  to  show  a  cloudiness  due  to  silver  cbluride.  j\llow 
the  combined  waHliin^  lo  ctml,  and  then  in  an  aliquot  portion  deter* 
mint  the  chlorine  by  standard  silver  nitrate  solution  in  the  usual  wiy. 

'  ArcWr  fur  ItjKicnc,  X.XXVI.,  p,  57. 

'Gionwl* 'U'lln  K.  Si>cit)U  imlinim  d'itrienc,  Jq)}-,  1SII9,  p.  289, 

■n.vglmlK'Iie  Ruiidtcliau.  ItttH).  No.  31. 
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Determiimtioii  of  tbe  Nature  of  the  Fat. — ^To  detorminc  whethi 
or  not  a  flpedmeD  is  or  oontainn  oleornargarine,  an  examination  of  tl 
nature  of  llic  fnt  is  iifwssmry.  As  hns  boi'n  gmiiitcd  out,  |;^niiii 
butter  coiitaius  a  considerable  nmount  of  volatile  fatty  aoide,  while  ti 
•rtificiul  product  contains  bnt  wry  little;  but,  on  tbv  otiicr  liiimi,  ih 
genuine  article  is  correspondingly  poorer  in  the  insoluble  non-volaiil 
fatty  n«i<ls. 

It  is  upon  tlieae  difiorences  in  tbc  two  kiniU  of  fat  that  the  dctermt 
nation  of  tbe  (jnefltion  of  genninenoss  (le)>endd.  Tbe  uiiiial  exaraioa 
tion  iH  liniitvd  to  the  di'tcrminiitiou  of  tbo  voliitiio  tiitty  Dcicis  in 
given  weight  of  the  melted  fat  freed  from  water,  curd,  and  salt,  Th 
fiit  in  luipouifiixl,  the  rcwulliuf;  sonp  is  di^wlved  in  watt-r  »nd  then  (U 
composed  by  means  of  sulphuric  acid,  and  the  volatile  fatty  acids  thn 
fixwd  from  oonibinution  art-  tlicii  distilled  ovvt,  and  their  nmount  tatA 
niat«d  by  means  of  decinormal  sodium  hydrate.  Five  grains  a 
genuiuv  butlor  fat  will  yt<-Id  nn  amount  which  will  require  at  \vaa 
24  oc  of  the  alkali  for  complete  neutralization,  while  un  o<)iud  wcij.'b 
of  oleomargarine  yields  t^  small  an  amount  that  as  a  rule  le^  than  1  ca 
U  rwjuircd.  Mixtures  give  n^ults  l>efwocn  these  limits,  and  froD 
them  one  can  estimate  approximately  the  projtortioQ  of  butter  present 

Pkocb^s. — Heat  a  small  pii-ce  of  tlw  sample  on  the  water-bath  ini 
suitable  beaker  until  it  is  completely  melted,  and  the  contained  watrt^ 
ttalt,  and  eurd  have  oolleete^]  at  the  Itottnm.  Decani  a  sufficient  ainoan 
of  the  supernatant  fat  into  a  dn,'  filter  and  allow  it  lo  pass  intt)  1 
•hallow  Ixnker.  When  about  10  grams  Iiave  been  ooUectcd,  place  ih 
b«akcr  in  a  basin  containing  water  ind  ice  awl  k«ve  it  until  the  & 
h&8  become  hard.  Place  a  small  filter  paper  on  one  of  the  i>ans  of  tbi 
baltmce  and  <«unteriialniii>>  it  exactly  with  weights  on  the  other.  Tliei 
weigh  out  as  rapidly  as  possible  2.5  grams  of  the  fat,  transferring  H 
the  |)a|>er  by  means  of  a  spatula. 

Pla/ce  the  paper  and  fut  in  a  300  cc.  Erlenmeyer  flask,  add  10 
of  a  20-per-cent,  solution  of  caustic  potash  in  70  per  cent,  alool 
and  then  pliMx-  the  tlask  on  the  water-lxilh.     In  n  .thort  time,  cK|H'ciaII| 
with  gentle  rotation  of  the  flask,  tlie  fat  becomes  completely  saponin 
Continue  the  heat  until  tlie  alcohol  is  e^cpelled,  and  remove  the 
traces  of  the  vapor  by  blowing  into  tbe  flask  with  a  bellows  or 
swinging  it  in  the  air.     Add  50  oc.  of  hot  water,  and  when  tbe 
is  brought  completely  into  solution,  add  25  ca  of  1 0-|>er-cent,  sulph 
acid. 

The  latter  breaks  up  tlie  soap,  setting  free  both  the  soluble  and  i 
aolnble  (ktty  acids,  the  latter  in  tbe  form  of  ciinls.     Connect  th«  flu 
viUi  »   Ltehig  condenser  aAer  inlrotlucing  several  piecei  of  pumi 
I  Stone  to  prevent  bumping,  and   then  with   the  flank   supjKirtctl   OD 
'square  of  wire  netting  over  a  Huumu  lump,  distill  slowly  until  50 « 
hav  ODllei"ted.     Tilmte  the  distillate  with  decinonnul  sodilf 

hr  oolphthalein  as  an  indt»ilur.     With  tbe  amount 

cc,  of  the  alkali  will  be  required  for  ncutntlil 
I  genuine  butter. 


ASALYSIS  OF  BUTTKR. 

Mnny  RnnIr«U  pmfvr  to  cm)>)o<r  •>  frrnnut  nf  (ht  niid  ciirnspondini;!; 
Ur^r  vnlunuja  of  water,  aad  to  distill  110  cc.,  wlwruof  100  !« 
tiinUHl.  Some  pn-fi-r  uImi  lo  rainy  oil  tlio  procew  of  aaponifirution  in 
n  r'iunil-lK)ttoinc<I  ftAsk  under  pnsstiru.  Sutni-  mi'Stfiiri-  tlio  fluid  fst 
direotiv-  intn  a  weigtiixl  flaKk  t'nuin  .t  pipeltt.',  und  Hscortaio  the  iiDioiint 
lakrn  by  rem-it;hiti^  after  tliv  fat  luis  coultnl  nnd  ttulidifii^d.  Tho 
Bsponifying  ng^ni  i.-t  npplitH]  in  difTcrent  foriDA,  and  many  other  viiriu- 
tions  ia  d«taii  arc  rii-i)iiimi-nilp«l,  but  thi.-  t-ml  nittilt  i^  pnictlonMy  ibe 
8UIW.  Tlie  process  dcricribed  Iioh  lieen  found  in  the  cxpericiiw.-  of  the 
■uthur  Id  be  nio^I  Mtiitfiiclory. 

The  Leffmann-Beam  process  haa  much  to  reoommend  it,  particularly 
in  ihc  Kiviog  iif  tiMitf.  Tho  >s»i>onifyiiig  iigiiit  i*  prvpiired  by  mixing 
SO  oc  of  d(>-per<-enL  caustic  soda  solution  nnd  180  of  pure  (^nccii- 
Umted  glyoerio.  To  6  grains  of  fut  in  nn  P>k-nmfyi-r  Hask  add  20 
oc  of  this  aoluliun,  and  then  beat  over  a  fiiiuscu  flume  until  >iiipo»ifi- 
<mti<in  ]a  complete.  TIi»  roguira*  but  a  fvw  iniiiules ;  the  completion 
of  llie  procem  is  showQ  by  iIk-  clear  condition  of  tbc  mixture.  Tbc 
^■Kwp  is  diluted  with  1:15  cc.  of  lM>iled  water  added  at  first  in  very 
^Ibul)  ainounlfi  to  prcviiil  foiuninj;.  Then  0  cc.  of  diluiv  onlphurie 
r  OCT  J  (200  cc.  in  1,<W0)  are  added  and  the  preparation  is  ready  for  im- 
L  uediute distillation.  Dbtill  llOoc,  mix  thoroughly  nnd  pa«t  tbrongh 
a  dry  filler,  titrate  lOO  cc,  and  to  the  result  add  a  tenth  for  tbc  ro- 
tosining  10  cc. 

If  one  wishea  to  determine  llip  amount  of  insoluble  fatty  avitbt  it  can 
be  done  in  tlie  following  manner,  but  it  miiHt  be  !<aid  that  the  procewi 
rajuirvsmuch  uore time  and  that  the  resultsarcnot  aluiiyssaliifriKrlory, 
aiooe  the  upper  limit  in  the  caw  of  butter  in  so  near  the  lower  limit 
in  tlmi  "f  oleoma rpirinc  that  samples  yielding  n-jinlt.*  clrwc  t'l  tho 
dividini;  line  may  need  further  »nalysi-i  Itefore  an  uni|nalitiod  opinion 
of  the  nature  of  tbc  «|>ecinicn  cnii  be  pven.  A  mixture  nf  jri'nuine 
butter  and  oleomargarine  may  give  pesiilu  well  witliin  the  normal 
limilA  of  butler. 

PlUCB^ — Into  a  weighr<]  beaker  decant  a  few  t;riims  of  the  fill,  nnd 
wben  lite  latter  liaA  coolc*!,  aseertnin  the  ainonnt  tnki-n  by  reweighing. 
fi^toniiV  aa  above  described,  evapurute  tlie  alcohol,  disiwlvc  the  Ntap 
in  water  and  deeomjMWP  it  by  the  addition  of  an  excess  of  acid.  FIwil 
Ufitil  Uie  precipitiitei)  iuMiluble  iioid-i  are  melted,  tbwi  allow  the  whole 
to  nool.  \VlieD  the  fatty  biyer  has  assumed  the  character  of  a  ludid 
ctwX,  brmk  a  small  hole  tbrougti  it  nt  ii  imint  nn  ilN  circumference  and 
aootlier  on  the  opposite  stdc.  Weigh  a  funnel  and  n  drie<l  filter  of 
mtttalile  size,  place  the  latter  vrithin  the  former,  wet  it  thoroughly  nnd 
i1m>ii  filter  the  liquid  from  iN-neatb  the  crust.  Bn-nk  up  the  cruflt,  add 
Initing  water,  and  transfer  the  whole  to  the  filter,  \Va*h  ri-|H-!ite<nr 
with  Uiiling  water  until  the  washing»  have  no  longer  an  acid  reaction, 
tbeo  let  drain  until  no  more  water  \»  discharged.  The  tilter  (Kiper 
l>rtng  wet,  ll>c  melted  fatty  neid*  do  not  iia-sa  through  with  the  washings, 
Placv  tbc  funnel  and  itii  cmtents  in  the  beaker  nnd  dry  in  an  air-bath 
al  100^  C.  to  oi>n»tanl  weight.     Thrt  incmiM-  in  the  combined  wcighia 
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of  the  heaker,  funnel,  and  paper  pepresenls  the  atnoimt  of  insoluWe 
fiillv  ru'ici-  in  tin-  luiiiiiint  of  fiit  l«kcn. 

Examination  of  Fat  by  means  of  the  Botyro-Eefractometer.— 
A  vtTV  dimjile  nixl  ijiiick  m(>(huil  of  iiso-rlHining  the  unttire  of  buller 
fat  without  rcounrsf  to  chemical  aoaiysis  is  that  hv  tnenns  of  the 
biitvrrt-rc'frai'lotiift<T  or  olhrr  iiiKlmraent  designed  for  the  piiqigM-  of 
muiHuriDK  thi' nrfmctive  index.  The  instniment  is  shown  in  Tiff.  A. 
with  the  prism  caHiiig  wide  o{x.'n.  Its  applieation  requires  90  little 
time  that  nflvr  n  little  pructioe  u  person  working  nlonc  cmn  mdily  vx- 
amine  1  h  nr  ^l<^  samples  in  an  hour. 

Till-  niclIi'Kl  of  line  i«  ii«  followit :  Th(f  siirfiwe  ^1  and  thnt  to  which 
it  is  oppOHed  when  the  prism  easing  U  cloaed  must  first  be  denned  by 

iiicaiis  of  a  soft  pitt^  of  Uncn 
Fia.  4.  moiHtencd  with  a  little  alcohol 

or  ether.     Place  the  instru- 
ment HO  thnt  the  surfiice  of 
the   priiuii    ]i   is   horin^ntal, 
then  apply  2  or  3  drops  of  the 
clear  fat,  liest  from  a  small 
filler  paper  held  between  the 
fingers.    Close  the  prism  cas- 
ing and  fftiitm  it  by  nit^itix  fS 
.«      tile  pin  C.     The  surfaces  of 
■*      the  two  prism.i  are  aowwpn- 
\  .  jB  r«ic<l  fn>m  each  other  only  by 

,.j      ihe    very  thin    layer  of  fat. 
With    the   iiiNtriiment    in    il» 
/.J      original  position,  the  mirror 
H  ndjui>tH] .-« lut  to  illiiminntr 
~D       the  field  clearly,  and  the  upper 
part  of  the  iicniar  so  adjii-'>t«d 
that  the  sndc  within  is  most 
clearly  defined,   read   off  at 
what  point  of  Uie  scale  tlic 
Mh  buixro-niVuiamoMr.  line  between  light  and  shade 

falls. 
Since  the  degree  of  refraotinn  is  inRuGDced  by  the  tempemtnre,  it  te 
necesaary  (o  have  some  arrangement  whereby  the  temperature  of  tbe 
specimen  Ix-tween  the  prisma  can  be  aecunitcly  determined.  This 
is  nrrsnged  in  the  following  manner :  A  current  of  warm  water  is 
oonduoted  by  niejins  of  a  rubber  tnlH-  uonm-cted  with  the  inlet  K  into 
the  prism  casing,  thence  tlirough  the  rublicr  tube  F  to  the  upper 
part,  fmm  which  it  escapes  through  tht-  outlet  (.i.  The  bulb  »f  the 
thermometer  projects  into  the  cnrreiil  of  wotcr.  The  standard  tem- 
]jerature  for  observations  with  this  iuslniment  is  ^o"  C,  and  at  tliig 
tcmperatnrr  natund  butler,  which  luw  a  refractive  index  of  1.459— 
l,4(i2,  will  pve  a  reading  of  from  V.i.h  to  hA  on  the  scale,  while  oleo- 
margarine, which  hflj*  a  rvfmctive  index  of  1.46&-1.470,  will  show 
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58.6  to  66.4,  And  mixtun-s  of  tli«  one  with  the  oUier  will  give  from 
54  upward,  according  to  the  peroeotapi-  of  olcumar^ritie  prraent. 

According  tu  Wolliiy,  m  whimi  the  invt'iilion  of  the  itistmiiu'iit  Is 
larKely  dm-,  any  epeciiuea  which  iil  n  tcinpcruturc-  of  2>^°  C  ^ives  a 
lu^er  reading  ttiait  M  will  iiiyariahly  lio  found  on  chemical  nnalvi^istoj 
be  adulterated,  but  he  sufrgefite  in  order  tu  reniuvu  nil  c.huiicu  of  adul-' 
terated  butler  eBcaping  detection,  that  this  limit  be  reduced  to  o2.6  and 
that  nil  KflnipU^  giving  the  latter  nnultng  hti  cxnminitl  ehcniiojdly. 

With  lein|iera lures  other  than  'li}"  C,  it  in  neoeiisary  to  moke  oor- 
reotions  of  O.-'iS  of  ii  scale  divi^^ion  fur  iwh  degree  C.  The  following 
taUe  sbovre  the  raaximuni  reading  for  pure  butters  at  different  tem- 
peraturcs. 


9S 
27 
SS 

9 
30 


-.-  ij.l 

1>IB|L 

Bo.  dli. 

TfBip. 

«a.4lT. 

•1£A 

45.0     ||      48* 

42.S 

Sl.» 

32 

48.9 

38 

4&.S 

44 

43.0 

61.4 

33 

48.1 

39 

44.8 

46 

41.6 
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34 

4T.5 

40 

44.2 

hO.3 

» 

4T.0 

•It 

43.7 

W.8 

3e 

44.-I 

42 

43.1 

_      _   . 

Tbere  nre  other  pmoesMos  for  the  invmtigntinn  of  the  chiinicter  of 
butter  fat,  inchnling  the  detormiuution  of  the  specific  gravity,  melting 
point,  iixliue  absorption  number,  and  sapouitieiition  ecjiiiviilent,  but  fur 
all  practical  piirptwot  tlic  dclerminntion  of  the  refnictivc  index  or  of 
the  volatile  fatty  acids  is  ordinarily  sufficient,  and  the  other  determi- 
aatkiiu  art:  mvrely  eorrohoralive. 


OBEESE. 

For  thousands  of  years  oheese  has  been  known  aa  a  very  valuable 
food  and  miieh  intention  \iui*  bi^-ti  paid  to  diflorcnl  methudH  of  munu- 
faeture.  At  the  present  time  very  many  varieties  are  made,  tlieir 
nature  de|MMiding  u|>on  that  of  the  niw  iiiiitvriul,  the  mcttiod  of  pro- 
ducing the  curd,  llie  pr>)portions  of  the  several  constituents,  and  the 
metii'Ml  (if  rifiening.  .Most  varieties  are  made  from  n4iw'i>  milk  ;  Homc 
are  mode  rrum  that  of  ewcs,  and  othcrti  from  thut  of  goats. 

Tlie  milk  ia  used  either  in  its  natural  eondiliou  or  skimmed  or  with 
the  addition  of  cream.  Ocncnilly  ii  is  u>fcd  in  its  nutund  iniudition. 
Whatever  the  kind,  the  following  is  the  general  process  of  miinufao- 
ture.  The  milk,  with  or  without  coloring  niiiltcr  tw  di*-slred,  is  heated 
to  HO"  F,  or  over,  and  then  curdled  by  means  of  rennet  or  by  llio 
acids  fonneil  by  tlie  onliuary  milk  bueteria.  U-suaI!y  rennet  is  em- 
ployed ;  sometimes  sour  whey.  The  coagulation  should  be  complete 
in  from  -lO  minutes  to  an  hour.  Too  rapid  coagulation  ainses  the 
cunl  to  be  hard,  tough,  and  unsuitublc  for  the  siilMtetjueut  manipula- 
tion ;  tun  .slow  action  prralucei«  a  soft  curd  difficult  to  work  and  not 
unirorm  in  character.  After  the  prouetw  of  aiiigiilation  is  complete, 
the  cunl  is  cut  or  broken  into  small  pieces,  and  the  whey  is  drawn  oIT. 
TIte  curd  is  then  gathered  into  a  heap  and  covered  and  allowed  to 
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i>r  ati  hour  or  more,  duniifr  wliicli  liini>  it*  iiirreartiiig  aoidil, 
a  its  Imrdciiin)!;  und  promotes  the  scpttr.ition  of  tJie  remaining 
When  tho  oiinl  hax  attaineil  the  iiropi-r  con-^uienre,  it  is  jilaced 
in  till'  chccAc  press  snd  subjected  to  gnulimlly  incrcasiDK  prGMure,  lUx) 
after  this  |>ro(H'?s  is  ooin(ilel«l  It  is  removed  to  the  eurinji  plane. 

For  tile  proper  ripening  of  chwKO  it  it  e^m-iitial  that  thff  nirti  \k  of 
the  proper  consi.-^teiiee  throughout  and  thai  only  the  favorable  or^an- 
ittiiiH  he  pri'seiit,  and  IIr-?k-  in  not  too  great  ahnndaiive. 

The  curd  produced  by  the  action  of  sour  whey  is  higihly  acid  uk) 
inclined  to  be  grea»y.  <.>wing  to  iti«  high  dq>Tcc  of  acidity  it  ia  not  a  &- 
vorable  ground  fortbegrowthof  many  of  the  bacteria  which  arceugaged 
in  the  iirndiiction  of  the  ililVciY-nt  IcindH  of  thivor,  and  ^o  the  number 
of  varieties  ])o»<ible  of  manufactnrc  by  sour  whey  is  limitnl.  lU-nnM, 
on  the  other  hand,  pniduceo  a  ctird  which  i.t  elastic  and  not  greasy  or 
sticky,  mid  which  is  a  guml  cnlttirc  mcdiuni  for  the  biictcri«  who«c  s»- 
fflBtance  is  needed.  It  acts  best  in  uiilk  which  is  slightly  acid,  for  if 
the  milk  'w  neutral  or  only  very  slightly  acid  the  cmigtihition  proccedn 
very  slowly  and  the  curd  will  not  contract  eufficienily  to  expel  the 
whey  ;  if  the  milk  i«  too  acid  Urn  pitH^ess  of  uoagitlution  is  too  rapid 
and  the  result  too  tough.  A  soft  curd  retains  too  much  whey,  and  the 
fermentation  of  the  milk  sugar  of  the  wlic-v  eausoa  ''  huffing,"  or  swell- 
ing, for  tlic  prevention  of  which  preservative?^  are  iwmetiincj'oniployed. 

The  bacteria  concerned  in  the  proceA-t  of  n{>cniug  exist  in  the  original 
milk  or  in  the  air  of  the  pluc-c  of  manufacture.  8oinelime8  the  vari- 
eties which  produce  cheese  "  faults"  gain  a  foothold  on  the  premiMS 
and  can  be  t-nidlciitcd  only  by  nKtins  of  thori>ugh  cleaning  and  diiun- 
fcction.  The  ripening  procos§  is  carried  on  at  about  70°  V.  It  is 
essentially  a  pn)a'!«A  of  decom[M>ttiLion  in  which  botli  bacteria  and 
moulds  arc  conenrncd,  and  for  the  production  of  tlio  mmc  kind  of 
ohceisc  the  same  varieiie.i  of  oi^anisms  must  be  present,  and  the  par- 
ticilhir  viirifly  pi-oiliicing  ii  pitrtictilar  Ihivor  nnwt  find  the  conditions 
such  as  are  favorable  to  its  predominance.  It  is  not  possible  to  start 
with  milk  which  \»  entirL'ly  sterile  iind  then  U>  inoculati^  with  tlic  par- 
ticular  varieties  wanted,  since  to  sterilize  milk  completely  rci]uirei<  th« 
application  of  such  a  df-gni"  of  heal  it*  will  pniduce  changes  in  the  con- 
dition of  the  casein,  interfere  with  the  proper  nction  of  rennet,  and  in- 
jure the  consistence  of  tlte  cunl. 

Ripening  docs  nut  jiroccctl  satisfactorily  when  the  cunl  haj>  been 
produced  ttirougb  the  action  of  acids.  In  ordinary  ripening  the  castnn 
i.-«  iiMaekod  by  the  organ! Kin :<  pre.Hi-nt,  aixl  iimmonin,  leucin,  tyroMin  iiud 
eeverul  kinds  of  fatty  acids  hit  |>i-<Hluced.  The  latter  unite  with  llie 
lime  !lalI^,  whicli  tip  to  this  point  have  lii>cn  in  <'<>nib{ nation  with  tli« 
casein.  The  acids  formed  include  butyric  and  valerianic.  From  the 
lactose  we  have  in  aildition  lactic  acid.  The  process  goes  on  at  differ- 
ent nite»  with  ilitTcrcnl  kinds  of  cheese,  and  it  may  be  short  or  long. 
In  the  production  of  certain  forms  of  American  and  English  cheeses 
the  individiiiil  »pecinien!«  are  i^eiilcd  hermetically  in  tin  l>ox«s»  and  keiit 
at  a  favorable  temperature  for  as  long  as  four  years,  the  boxes  being 
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birned  each  day.     Tl»»  ordman,-  grades  of  diec«c,  however,  un<lvrf^ 
oonifKirntivciy  short  pcrio<l»!  uf  ripcaing. 

Oomposition  of  Cheese. — The  ponipri.'^ition  of  frh^-c-w  vario«  very 
much  iuxY>nIiii);  lo  iIk-  iiiititn-  of  tUv  mw  mnlcriul  anil  (he  [iruc(r6g  of 
nukouracture.  The  fat  shows  the  greatest  variation  ui  amoiiut  aword- 
iog  aa  U)v  checM  w  niadc  from  whole  tnilk,  ekimmcd  niillc,  or  milk  va- 
■JMied  with  cream.  The  moot  ooroinon  American  chcene  ia  mode  from 
who]<-  milk,  UK  nrv  aW  lliv  hwling  vnri<;lii'«  of  Kn^linli  irhww  M  Oh«I- 
dar  mod  Oici^hire.  Th«.>  tiiiiiiliur  l%<hin)  (Dutch)  cheese  is  made  from 
milk  which  lias  b«(-n  (urlially  iskiriiiiii'<l.  Kngliith  Siilton  is  a  ty[)C  of 
cheese  made  from  milk  enriched  witli  cream.  The  cheese  richegt  of  all  in 
bt  18  what  we  know  as  eream  ihottM-,  but  .'^triolly  4)>4-akiiig,  iWia  !»  not 
obeCM!  at  all,  bein);  dimply  fresh  cunl  vcri,-  rich  ui  fat  iind  not  I^uhJL'('tol 
to  any  ]m>oe**  of  ri|>euing.  The  cheeM>n  jioin'^-sl  in  fat  are  those  made 
from  »k!mmi-<I  milk.  TIm-v  are  tough,  dry,  and  of  but  litllc  Hnvor,  niid 
atich  as  ihey  liave  is  inclined  to  he  unpleasant.  .\meri(an  cheeses  of 
good  quality  may  Iw  said  in  gcnvnil  lo  contain  about  PAi  \)arti  of  fut, 
30  of  proteids,  'M  of  water,  and  the  halnnce  salts.  The  leading  Eng- 
lUh  clKK'^ife*,  excepting  Sfilion,  rontnin  rallicr  more  water,  about  Sft  per 
caat.,  and  correspondingly  lesH  fut.  Swiss  cheese  has  practically  tho 
aune  oomposition,  hut  ciintn!ii»  rather  more  pnitcidti  nod  corn^imnd- 
iogly  loss  fat.  Skimmed  milk  cheeses  are  pnrttcidnrly  rich  in  protcids, 
oootaioing  often  a-*  hifrh  us  .'if)  pf-r  ci'iil.  With  tin'  csci-ptioti  of  those 
nude  from  •kimmeil  milk,  it  may  be  said  ni  gencntl  terms  that  chci.^>te 
is  about  oae-third  fat  and  one<lhird  proteids. 

Of  the  many  \'nrii'lic»  of  (.'hecw  put  np  in  sniHll  bulk  moetly  for  u»c 
■a  a  relbh  rather  than  as  a  siibslanlial  article  uf  diet,  thi'  following  may 
be  mcniioiiod,  HiMpiefort  i^i  riade  frtini  llic  pnrttv  sl<imnii.-<]  milk  of 
eWM.  It  doeti  not  vary  nioch  in  its  jiercentage  of  fal  and  proteids  front 
American  and  Knglish  l'hl-e.'^.1i.  Gorgoniwla  is  very  Kimilitr  to  Knqiie- 
fbrt  in  oompmition  and  also  in  the  method  of  manufacture.  Iloth  are 
ripened  with  the  a.'^Utanee  of  moulds  which  are  niixi'd  with  the  curd 
with  |wiw<lfr<'«!  brrrad  rrumbj  on  which  they  have  been  cultivntwl,  ami 
they  ore  nl.io  inocolateil  afier  Iwing  sha[>ed,  Parmesan  cheese  is  made 
fn>m  partly  t>kimm«d  gi»u'»  milk.  It  in  very  rich  in  prolcids  and  con- 
buns  only  abont  half  as  much  fat  as  .■\merican  cheese.  Camcmlicrt 
cheeM  i»  a  iwft  chixvte  containing  ritther  more  limn  .'lO  )H'r  rent,  of  water 
and  al>oul  20  per  ceni.  each  of  fat  and  proteidr-.  It  is  ripcnctl  hy  a 
peculiar  pnK'"'*!*  which  givtw  it  a  much  mon-  pninoiiiiced  and  perme- 
ating odor  than  almoet  any  otlior  known  variety. 

Adolteration  of  Cheese. — At  the  present  time  the  only  extenBivo 
form  "f  ;uhdicration  of  chwsi'  conitistx  in  tlu-  ifiibstiliition  "f  lard  for 
the  iL^ual  and  pro{)er  kind  of  fat.  l^ard  and  skinimeil  milk  colorcti 
witli  annalto  arc  mixed  Ingftliir.  ht-atcd  to  iihonl  140°  F,  in  tanks, 
and  emulsionized  witJi  the  assistance  of  appropriaU'  macliiiiory ;  llie 
mixture  \«  titen  oongnlalcd  in  the  Mimo  way  as  in  the  ordinary  process 
of  making  cheese.  Such  cheese  is  now  dctiignatiHl  in  the  United  Statra 
•lattttM  relnling  to  such  prudticts  o^  "tilled  cheese,"  which  inclndes 
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"ull  made  of  milk  or  skimmed  milk  with  the  admixtare  of  butter,) 
imal  oilf  or  CtiU,  vf^tnlile  or  niiy  otlirr  oils,  or  com|)otincU  foreign  { 
such  milk." 

A  decree  promulgated  in  Belgium  on  September  21,  1899,  de 
chfcse  as  n  pnMliK-t  obtninud  from  pure  milk,  skimmwl  milk,  milk 
itlated  by  the  aid  of  rennet  or  acidificatioD,  or  any  other  product  obt 
by  lii'uling  iTiilk  mixed  or  not  with  coloring  mittvr,  Mtlt,  and  spic 
and  Bubjected  to  pressure  and  fermentation.  It  forbids  the  silc  ei 
when  properly  liibclic-d  in  i<iic'h  way  n*  t"  revwil  it*  Inie  nature,  oft 
chcci^e  containing  any  other  substance  than  thosv  mentioned,  M>Gh| 
olflomargariiiA  or  othvr  fort'tgn  ful,  potato*^,  and  bread.  An  esc 
is  mudc,  howpvcr,  in  favor  of  Roquefort  in  whit^h  braid  cnimb* : 
present  not  as  an  adulteration  htii  for  the  !*er\'ing  of  a  useful  pu 
Chcu^sca  mixed  with  mim-ml  matter  otlier  tlinu  salt  and  with  antis 
ID  general  are  forbidden. 

In  sonic  parts  of  (.KTmany,  Ijciiii  hkiiI  an<l  potatoes  are  xuted 
what  ax  adulterants,  and  there  and  elsewhere  a  great  variety  of 
stanws  an-  said  to  hav<>  lx*n  used  to  a  greater  or  less  extent  in 
gone  by.     In  general  it  may  be  said  that  outside  of  lard  aod 
foreign  fatt*  the  only  adulteration  of  any  importance  consistn  in 
admixture  of  preservatives.     Those   arc   more   commonly  added 
ekimmed  milk  cheeses  than  to  those  of  good  quali^. 


Analysis  of  Obeese. 

Determmattoa  of  Water. — Cut  the  sjH'cimen  into  small 
thin  slices.     Weigh  out  about  a  grams  in  a  platinum  dish  containil 
sand  or  asl>fl9(o9  tiher  iind  dry  to  constant  weight. 

Determination  of  Ash. — Ignite  the  dried  residue  at  as  low  a 
pcraturo  a.-  [niwiihle,  and,  after  cooling,  note  the  increase  in  weight) 
that  of  till-  diili  anil  its  original  contents. 

Determination  of  Fat. — Tritnrale  about  25  grams  of  the  spcdn 
in  a  mortar  with  al>oiit  an  equal  biiUc  of  fine  lK-»ch  .-tand.  Ti 
the  whole  to  a  Soxhlet  extractor  and  proceed  in  the  manner  dcscrib 
under  ihi^  aii!il\;<t^  of  milk. 

Determination  of  Proteids. — Proceed  in  tbc  manner  given 
analysis  of  milk,  using  alvitit  2  grams  of  the  sample. 

Determination  of  the  Nature  of  the  Fat. — Kor  the  dctcctioiij 
foreign  fats  the  method  of  procedure  is  tlie  same  as  described  tin 
the  analysis  of  butler,  after  ohtaining  the  fat  in  a  pure  (Hinditlt 
The  residue  obtained  ui  the  determination  of  the  amount  of  fat 
serve  for  this  purpose. 

Cheese  as  a  Cause  of  Poisoning:. 

Fur  many  yeiini  cheese  has  l>een  known  to  Itr  an  oceasional 
single  and  multiple  cases  of  poisoning,  and  various  theories  oonoer 
'«tureof  the  piwinons agent  have  been  promulgated.     It  was: 
1884  that  the  cause  was  revealed  by  Professor  V.  C  Van 
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whoae  attention  vna  drawn  tn  outbreak:)  in  Michigan  during  1 88-t  nnd 
1884,  in  whicli  over  300  pcranns  were  aiffctod.  He  tracral  the  whole 
troable  to  twelve  different  chee§efl,  from  several  of  whieJi  he  i-tolatcd 
ih*  poiMnoux  principle,  a  ptoitiinn,  to  which  he  pive  the  nnmv  "lyro- 
losicon,"  The  s-vniptoinsoaused  in  thenutbreakn  referred  to  ineliided 
vnmitin^.  dinrrho-n,  abdoniinnl  piiin,  dn-iK-wi  imd  cornet  net  ion  of  the 
throat,  feeble  ami  irregular  pulse,  and  marked  cj-anosis.  In  some 
CBJWs,  vomiting  and  dinrrliu-ii  were  followed  by  marked  nervous  pro»- 
tnilion.      In  $onie  the  piipiU  were  dilated. 

Within  a  short  lime  ai\*-r  Vaufrban'n  discovery,  the  poi»on  was 
found  by  NViillaw '.  in  some  vhcese  that  watt  the  cause  of  poiitoninfr  of 
oot  less  than  50  persona  out  of  abont  60  who  had  eaten  of  it.  Th« 
OBMt  apjH-iinit  in  fnmi  2  to  \  hotirH.  Tlie  mof^t  eonstnnt  mid  severe 
^mptomfi  were  vomiting  and  chills.  These  were  succeeded  by  severe 
e{)igaatri«  pain,  cnimpM  in  the  lof^  and  feet,  pur^inf^  and  griping, 
DumbneM  especially  marked  in  the  legs,  and  very  marked  prostration. 
Vomiting  and  diarrhu'a  lasted  from  2  to  12  hours;  <Jiilli'  and  crarop« 
ftv>m  I  \a}  2  hoiin^.  Xo  denlbs  occurred,  and  all  reoovereil  within  3 
days.  The  severity  of  the  itymptom.t  bore  no  relation  to  tlie  amount 
cali^u  :  some  of  the  Hevcreet  ctxes  were*  of  persons  who  ate  but  spar- 
ingly. 

Tyrotoxioon  Iui»  lieen  found  by  a  niirnWr  of  othen  in  cheese,  milk, 
and  ice  cream. 

So  tn  as  is  known,  cIick^m;  doei*  not  act  t»  the  carrier  of  ]mtbogenic 
baderin.  Kx i>criment8  have  shown  that  the  ordlmiry  jiiithngcns  when 
iotfodooed  inti>  cheeae  retain  vitnlitv  for  but  a  Mbort  lime. 


Section  4.     VEGETABLE  FOODS. 

The    vegetable   foods   may   ha   conveniently   divided   into  several 
clashes  aa  follows : 

1.  Farinaceous  seeds. 

(a)  Cereak.     {h)  Ij^imefl. 

2.  FarituKeou«  prcpurations. 

3.  Fatty  seeds.    (Nuts.) 

4.  Vcgctabli-  fat*. 

5.  Tul>en>  aud  roots. 

fi,  Ilerbaceoiirt  nriietes.    ("  Vogetflblcft.") 

7.  Fruits  used  aa  "  vegetables." 

8.  FmitB  in  tlie  narrower  acuHC 

9.  Edible  fungi. 

10.  Saecharine  prepamtionn. 

The  words /r«t(  iinrl  rrijfUthU'  are  ejipuhle  alike  of  broad  and  narrow 
mcaninga.  In  the  strict  sense  the  cereals,  legumes,  nuts,  niid  many  of 
the  artielt<  commonly  caIIihI  vegetables  are  fruits,  but  popular  u.'^age 
baa  narrowed  the  latter  term  to  include  the  pulpy  substance  encloKing 
the  aeeda  of  Tarious  \rw*  and  plant.*,  and  only  such  a&  are  pleasant  to 
)  Mtdiral  Kfir>,  July  !«,  18S7,  p.  S9. 
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tiie  tasto  and  edible  ia  Uie  raw  sUt«,  witJt  the  singte  exoepdoa  of ' 
quinoe,  wbicb  is  edible  only  in  the  cooked  conditioa.     Vcgcubla  i^ 
thu  ordinary  sense  include  any  jiarl,  of  horbaoeous  planta,  as  tlie  steB 
root,  leaves,  and  fruity  prodiicte  iised  t^om^lonIy  in  tbi'  cooked  statei 
ill    the  form  of  !*alnd^     Thii;*,  in  the  popular  iMage  of  tltc  ter 
squusbes  and  melons,  wbicli  arc  the  fniil;;  uf  plant?:  of  tli«  same  family 
arc  claiwed  rei<pectJvc1y  as  v^ctable^  and  fniita,  and  the  certals  and  niitil 
are  classified  under  neitlior  hvail. 

First  in  iraporlaiioe  of  vegetable  foods  are  tlio  farinaocous  welt;J 
tb«y  are  of  very  high  nutritive  value  and  easily  dige-sted. 

1.    Farinaceous  Seeds. 

(a)  Cereals. — The  cereals  include  wheat,  rye,  barley,  oat»,  < 
buckwheat,  and  rice.     Thvy  are  very  largely  starchy  and  agree  in f 
eral  composition,  but  tbey  differ  in  the  proportions  in  which  (heir: 
cral  coiixtitnentjt  arc  pnwcni.     These  include  pn>teids,  carbohyif 
ether  extractives,  mincnil  matter,  aud  moisture. 

Tlie  prot«i<l!«  include  a  large  number  of  closely  relatetl  oompoundi,  j 
yet  only  imperfectly  studied,  which  will  be  uieutioned  in  the  consiJ 
ation  of  each  member  of  the  group.     Tlie  carbohydrates  iucludci' 
which  an-  TH>hihlf,  vu^r  and  dextrin,  aiid  ihnso  which  arc  insoli 
starch,  cellulose,  pentosans,  and  gelactans.     (II.  W.  Wilej'.)     TheotH 
extractives  include  fats,  resins,  chlorophyll,  and  volatile  oil  "wfa 
coDMlilutes  the  source  of  tlic  odorous  quality  possessed  by  the  gr 
(Wiley.)     The  mineral  matters  arc  chiefly  pllof^pllates  of  calcium 
■nai^nesiiim,  silicji,  and  .-taltv  of  MHlium  and  ]H>la:^inni. 

The  cereals  contain  also  certain  ferments,  the  most   importnnt 
which,  and  the  only  one  which  hiut  been  $tudii-d  with  any  thor 
IKM,  ia  diastase.     Thii«  ai-ts  upon  starch,  converting  it  into  sugar. 
others  ioolude  some  which  act  upon  the  prateids. 


WUUA.T. 

Wlieat  i»  very  properly  rlaNH-d  a*  the  moiet  useful  of  the  v<^i 
foods.  The  grain  consists  of  a  liard  outside  layer  which  is  quit« 
dipslible  ami  useless  as  fita^l,  and  tl»e  winex,  !*oftcr  and  mon-  frill 
which  yicUU  Hour  of  high  niilritivc  value.  The  hard  outjuidc  V 
which  coustilutes  the  greater  part  of  the  bran,  irritates  the  alimen 
caual,  and  while  useful  to  some  extent  in  conditions  of  habituid 
•ttpotion,  must  be  avoideil  in  all  irritable  conditions  of  the  bowel. 
CHU.'Si^  waste  by  undtily  prutnoiing  peri.->lalsi.-<  !»ii>  (hat  inneh  of 
nutritive  i>orti>>ii*  an-  hurriixl  bIou^  in  an  inidigcsted  condition. 

The  proicids  nf  wheat  iiiohulc,  aiwtnling  to  t>il>ome  and  ^'oorhl 
a  globulin,  an  albumin,  a  |ii\>tt\iM-.  glia«liu.  am)  gliitenin.  The  two  li 
awat^-  constitute  betwi-en  SO  and  90  percent,  of  the  whole;  in 
prf  ^ry  uiiiti-  ii>  form  the  very  important  substa 

g'  ^Jie  iv^nviT^ion  of  llwir  into  bread.     Accon 

ran  I  i>  iiKiji)  J«uniAj,  XV.,  p.  393.  • 
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Fig.  1. 


Wheat  Starch,     (x  28B.) 


Fifl.  a 
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to  Wiley,  tfaev  unite  in  atmoet  equal  propoKion8,  hut  in  the  o[)inion  of 
E.  Fli>ureiit.'  tlicclcHwr  tliv  c»rD[H>qition  of  gliiU-n  npprouches  the  rela- 
tion of  25  ports  of  glutenin  to  75  of  gliadin,  the  more  valuable  the 
flour. 

The  carboliydrates  contititutc  th«  greater  part  of  wheat  aa  well  as  of 
tiie  other  cereals.  They  iucliide  .itHrch,  by  litr  the  Rioi«t  inipurtuut, 
oelluloM,  sogais,  dextrin,  and  a  number  of  other  compounds  of  eoni- 
pnnitive  unimportanee.  The  starch  granule!*  ar«  exceedingly  viiriitblv 
iu  nizi.'.  niiiging  from  alxjut  .002  I't  0.(».j  mm.  in  diameter.  They  are 
circular  and  tiat,  and  many  of  (hem  show  a  eentrol  hilum  and  coo- 
c«ntric  rings.  The  latter  tip|)enr  with  gruitcrdivtiiictncss  in  flour  that 
baa  been  subjected  to  heat  as,  for  inatance,  in  the  baking  of  crackers. 
The  wide  vartationit  in  Eiiwari^  ilUi!<lra(i.tl  iii  FInU- VII.,  Fig.  1.  TIw 
olbcr  carbohydrates  exist  in  but  very  small  proportions, 

OompositioD  of  Wheat. — The  vaat  numlKT  of  nnaly<K>i*  of  wlient 
show  important  vsnatioits  in  the  percentage  of  it«  several  constituents, 
for  its  tpialily  is  considerably  influenced  by  cltniat^,  character  of  the 
•oil  nnd  other  c<iiidition!>.  .\ecording  to  II.  \V.  Wiley,*  a  typical 
American  wheat  of  the  best  (quality  sliould  yield  approsimately  the 
following  result* : 

Moucurc  ■*i>«-i«>it  *■-•*■-»•«•*»-■*-■•*»■■-»•*••■-■•■■•-■*••»■*••«>»■«■•■■•  Jvivv 

Prutciili „...._ !£.» 

Kibtr  citmct » ^.—..^ « 1.75 

rml*  liUr „ 2.40 

ttefcb,  vie - 71.SS 

A>h - _ ■    I.W 

100.00 

These  ffguree  do  not  vary  materially  fVom  the  averages  of  a  targe 
number  of  analyses  of  samples  of  miscellaneous  origin  compiled  by 
Kuuig,  excepting  in  the  prnjKirtiou.'*  of  nioi^tun:-  and  starch,  in  which 
nspecte  Wiley's  typical  specimen  shows  superior  value,  being  lewt  rioh 
IB  the  one  and  richer  in  the  other  contilitucntf 

Wheat  Flour. 

In  the  Diunufacturf  of  flour  the  whciil  kernels  arc  0rst  subjected  t4> 
a  prooeaa  of  thorough  cleaning,  and  arc  then  cracked,  cruHlicd,  and 
ground  finer  and  finer  until  the  requintl  state  of  fineness  is  attained, 
the  bran  and  other  undesirable  portions  being  removed  by  Ixilting. 
All  tlour  i«  by  no  means  the  lUiinc  in  i'iirii|)ostlion  and  quality  ;  in  fact, 
aevmU  grades  of  flour  may  l>i'  ma<lc  from  the  same  ttlieat  by  the  em- 
ployment of  different  pn>eenaei)  of  inanufartiirn.  Floiir»  urc  graded 
acconling  to  color  awl  appearance,  those  which  make  the  whitest  bread 
ranking  highciit,  although  not  equal  in  nutritive  value  to  Ihowr  classed 
ais  low  grade.  TIk'  Hour*  of  the  wvcnil  grades  arc  known  commer- 
etolly  as  "  patent,"  "  family,"  "  baker.'*',"  and  by  other  iianie.H  which  to 
the  public  hnvc  no  siM-ciid  eigiiificaiice.     Typical  Hours  of  tlie  grades 

■('oMipUvmMlu^  IH'W,  «.,  vif,. 

■U.  8.  ItepnrtBivut  nf  .\|crii.-uJt>ue.  DiTimon  of  Ohemimry,  Bull.  13,  Pnrt  B,  p. 
1  \9v. 
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knowD  as  "  high-grade  patent "  and  "  bakers' "  should  have,  according 
to  Wiley,  approximately  the  following  composition  : 

tlolalure.  rrotelda.  Ethgr  eitncL        C^rbohrdislc*.       ilk. 

PWent 12.73  10.50  1.00  75.25  O.S0 

Bakcre' 11.75  12.30  1.30  74.05  CM 

The  average  comjiosition  of  210  samples  of  wheat  flour  of  high  and 
medium  grades  and  of  grades  not  indicated  is,  as  given  by  Atwater 
and  Bryant,  us  follows : 

Moisture 12.00 

Proteids 11.40 

Etherextraci 1.00 

Carbohydrates 75,JO 

Ash 0.50 

100.00 

Thirteen  samples  of  low  grade  averaged  as  follows : 

Moisture 12.00 

Proteids 14.00 

Ether  extract 1.90 

CarbohydrateH 71.20 

Ash JI.90 

100.00 

It  will  be  noticed  that  the  high  grade  flours  are  poorer  in  proteids 
and  fat,  and  correspondingly  richer  in  starch.  Other  grades  of  floor 
include  those  known  as  graham  and  entire  wheat.  Graham  flour  is 
generally  understood  to  be  a  product  containing  all  of  the  constituents 
of  the  original  grain  in  their  same  proportions.  When  it  came  first 
into  use  such,  indeed,  it  was,  but  at  the  present  time  it  is  an  unbolted 
or  partially  bolted  product  of  thoroughly  cleaned  and  dusted  wheat 
Entire  wheat  flour  is  also  understood  to  contain  all  of  the  original 
constituents  of  the  grain,  but  is,  in  fact,  made  from  wheat  deprived  of 
its  outer  cov.;riii^.  It  makes  a  somewhat  dark  colored  bread  which 
is  very  palatable. 

Parenthetically  it  may  not  be  out  of  place  to  comment  here  upon  the 
absurd  views  maintained  by  a  large  part  of  the  community  as  to  the 
superiority,  from  a  hygienic  standpoint,  of  foods  containing  all  of  the 
constituents  of  the  cereals  from  which  they  are  prepared.  It  is  diffi- 
cult to  understand  how  the  nutritive  value  of  any  food  can  be  increased 
by  the  retention  of  matters  which  are  completely  indigestible  and  to  a 
certain  extent  irritating  to  the  digestive  tract.  It  is  argued  that  an 
all-wise  Creator  made  wheat,  for  example,  in  the  form  in  which  we 
see  it,  and  that  it  is  not  for  us  to  attempt  to  improve  it,  as  we  think, 
by  discarding  the  outer  layers.  But  this  sort  of  reasoning  might  be 
ext4!ndeil  .so  as  to  favor  the  consumption  of  the  peel  of  oranges,  tlie 
bones  of  fish,  the  feathers  of  birds,  and  other  innutritious  and  unde^i^ 
able  waste  products. 

Preparations  of  Wheat  Flour.  Bread. — First  in  importance  of 
the  preparations  of  wheat  flour  is  bread.  In  the  broad  sense,  bread 
includes  all  forms  of  baked  flour,  whether  leavened  or  unleavened ; 
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iu  tlic  commoo  asc  of  tlic-  term,  it  incladeii  onlj  thote  to  whioh 
lesvMiiog  agvntit  are  ibied,  the  other  forms  being  dojiigaatcd  it8  pilot 
bread,  crackors,  biscuite,  etc 

Tbe  ada[)tu))ility  of  wheat  flour  for  breaO-omking  is  due  to  its  gliitvn 

itvnt.     This  gulwUtiKw,  by  n-n?tm  of  itit  tenacity,  \»  capiiblo  of  en- 

jling  tbe  gas  generated  iu  the  procces,  and  by  reason  of  ilB  solidiR- 
itioa  by  ln-at,  riir«i»h<»  ii  {ii>ii>u.-«  or  «poiigy  [>n«liiol  oai<iIy  pi.' net  rated 
ftDfl  acted  upon  by  the  ga>:tric  juivc.  Not  all  ccri'ulH  arc  capable  of 
bein^  iiuulc  into  bread,  since,  as  will  Ih*  seen,  iu  ino8t  of  thi.-iii  this 
Ter^-  esiwnlial  s>:piit  i»  lackinj:;. 

Fur  the  pivjiaration  nf  bread  of  good  quality  the  Hour  should  con- 
tain nut  much  in  «xcct»  of  thi-  avcrngv-  nmuunl  of  iiioii<tiiiv,  and  Khuuld 
be  »>  ctilicsive  tliat  afler  being  compressed  in  the  hand  it  tv^ill  keep  it« 
shape  on  Ixing  rclcasod. 

In  the  making  of  bread  the  flour  is  mixed  with  warm  water  or  milk, 
Aolt,  aw)  yviut,  kovadcd  into  a  stit!'  {lotigli  and  placed  in  a  warm  ciit- 
oation.  The  yeast  attacks  the  sugar  and  i>plits  it  intoak-ohol  and  car- 
bonic acid  gait ;  tlu:  latter  by  iU  evolution  and  expansion  cauM38  the 
dough  to  become  porous  and  to  "  rit^c."  Tht!  fermentative  process 
giv«  ri*f-  «l.*o  til  variable  amounts  of  lactic  and  acetic  acids.  The 
raised  dough  is  then  bakvil  in  MiitJihb-  pans,  and  its  }H>rou»  character 
w  iDcreasca  by  the  further  expansion  of  the  gas  by  heat  and  is  made 
Ewrmanent  by  the  solidification  of  the  gluten  by  tli(-  mimic  Inllucnoe. 
If  iJie  fermentstioQ  is  not  allowed  to  proceed  far  enough,  the  resulting 
bread  will  be  »ogg>*  or  "  heavy  ";  if  two  far,  it  will  be  wiur. 

In  place  of  yeast  as  a  leavening  agent,  bicurbonutc  of  imdiuni,  com- 
moiil;  known  in  th«  household  as  ttaleratiis,  and  baking  powders  are 
very  extensively  employed.  For  the  cvohitinn  of  curbunic  acid  gas 
from  Modiiim  biearlionate,  tlie  presence  of  an  acid  is  nece^i^ry,  and  thio 
is  secnrwl  by  the  use  of  sour  milk.  Tlie  flniir  ii<  tli-st  tlioniuKhly 
mixed  with  the  bicarl>onate  and  then  made  into  a  dough  with  the 
milk.  Breiwl  mmlc  by  this  proccjt;*  is  rarely  "f  good  qnality,  sinoc 
it  is  diflieult  to  hit  upon  the  proper  amounts  of  the  two  agents  for  the 
bcM  rcAultii  and  any  exctws  of  the  bicarbonate  eaiisett  discoloration  and 
disagreeable  flavor.  A  better  plan  j^  to  employ  baking  |Hiw<ler,  which 
ooiMiittN  of  iMxliuni  bicarbonate  and  an  acid  salt  combined  in  siicii  pro- 
portions that  all  of  the  available  gas  is  set  frco  from  the  ulkalinc  salt 
and  no  unpleasant  lafiting  residue  is  lef).  The  only  advantage  pos- 
NGSsed  by  baking  (lowdeni  is  the  saving  of  lime  and  lalwr;  the  result- 
ing bread  is  distinctly  inferior  to  that  made  with  yoasi.  The  oom- 
pc«ition  of  tlic  variuiw  claj^^es  of  baking  powders  will  t>c  stated 
fbrtlter  on. 

Aootlicr  proce^  of  securing  leavening  is  that  of  rtpontanconH  fer- 
mentation brought  about  by  the  enzymes  present  normally  in  flour. 
Tliit"  prociic*,  known  a.*  "salt  ri.sing,"  is  not  in  common  um;  requires 
madi  more  manipulation  than  any  other,  possesses  no  advantages,  and, 
therefore,  deaerves  no  fiirther  mention. 

Froslily  baked  bread  is  mucli  less  digestible  than  thnt  which  has 
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l)o«n  kept  a  dny  or  two.  Its  )K>f\nra>  favon  itsclogf^ng  logetlHT  (It 
>ii{c  numticalion  into  n  close  mass  nliich  is  lesa  easily  attacked  br  1 
giiislric  j»\w.  In  tliis  country,  liowevor,  il  is  the  almost  iiuiwr*^ 
ouatom  to  eat  brciid,  jHtrticularly  in  the  fonn  of  breakfast  rolls,  doI 
only  ill  the  frcwli  cuiiditioii,  but  liot  from  llie  nveii.  Wbcti  brmd  » 
kept  for  a  day,  it  loses  jmrt  of  its  moisturo  and  acquires  increased 
timiiie»4  and  friability  which  help  maintain  ita  porosity  dtinng  tnuli-  I 
cation.  ' 

It  inav  ai?(|iiire  iinwholpsnme  properties  on  keeping,  due  to  cl>angt« 
brought  nbout  in  the  pn«ence  of  mmsliirc  by  niicro-orgnnisnis.     Good 
bread  in  mily  slightly  and,  but  if  kept  in  a  moist  state  is  likely  to  be     i 
niarki-4lly  sn,  iiiul  then  miiy  OTnse  in  lhoi*t>  not  h»bituat«d  to  it»  ase 
gastric  derangement   and   diarrhcBa.     The  bread  in   this  eotidiiion  is 
nndt-rgi^ing  formontittive  chnngex  ttint  nr^  hartt^'m-d  by  the  body  irm^H 
perature,  with  ednsequcnt  evolution  of  gaseous  produrte  which  caasf" 
Ratiilenrp  and  diseimifort,  and  of  irritating  eompnund.^  which  inducr 
abdominal  pain  and  diarrlia?a.     lireud  madv  from  ohi  iintl   partially 
spoiled   flour  in  likely  to  have  a  distinctly  sour  taste  and  to  lie  un- 
whole«onR-  iu    tlic  manner  above  deseribc<].     Mouldy  brend   also  u 
likely  to  be  a  cause  of  digestive  derangement. 

Compoflition  of  Wheat  Bread. — Sinw  wheat  flour  itself  i»  of  vari- 
able composition,  and  ainec  in  the  domestic  manufacture  of  any  article 
of  fouil  Ihe  ])ri>e«!!^es  ('iu|di>y<'d  an-  .lubjotit  to  Hligbt  or  con.<<id«nU>le 
variations,  analyses  of  wheat  bread  must  necessarily  show  grrat  differ^ 
encc*  ill  the  proportions  of  the  wvenil  (xmniitiieDts.  Average*  ob- 
tained from  cxarainations  of  saniplcn  of  all  sorto  and  of  tniMoellBneoua 
origiu  can  hardly  represent  the  composition  of  bread  of  good  average 
or  high  (piidity.  Wiley  givw*  tlio  fullnwiiig  as  tliv  approximate  com- 
position of  a  "  tj-pical  American  high-grade  yeast  bread  made  with  the 
best  flour  and  in  the  mn»it  ap{>rovea  manner." 


MnUlure „ 8&.00 

I'mti-itls. e^OO 

Ethor  oxtmcL 7& 

Aih I..W 

FibtT. 80 

Carbolivdniltiii,  other  th*a  fiW  M.-IS 

Too.cib 


^H  Toast. — In  the  procesa  of  toasting,  a  large  part  of  t]ie  moistarc  is 

^H  driven  olT,  the  surfaces  are  8cordic<l,  greater  firmness  is  acquired,  and 

J^^  the  product  is  more  easily  digestible.     Good  toast  cannot  be  mnde  from 

[  jwrfoctly  fresh  bread  tm  aarount  of  tlic  moisture  present  which  causes 

^K  soggincBs;  it  can  be  miidc  only  from  bread  at  least  a  day  old.     The 

^B  slices  slionld  not  lie  Ihiok,  since  then,  whiht  tlic  Miirfaee  is  scorched,  rhe 

^H  interior  Kcquirv«  incrcjwcd  softness  midcr  the  action  of  heal  and  becomes 

^H  leas  digestible  than  the  original  bread. 

^B  Busks  arc  much  like  tonst.     Instead  of  being  subjected  to  the  dinol 

"  aclionof  hot  ooaU,  the  bread  slices  are  baked  for  n  time  in  a  moderately 
hut  ovoii. 
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PntM  bread  is  the  crumb  of  fKehl)*  baked  loaves  pullet]  out  in  iiuBll 
majsat  and  bnkod  Ngain  like  n»lw. 

Cnckars,  or  blscoits,  arc  proparalions  nuide  fratn  unWveii<>cl  (loii;;li 
ui'l  Icikiil  -11  Orv  !!-■*  tri  lit-  lirittli-.  Tlii'v  ki'i-p  wt-ll  for  u  long  time 
wiUuKtt  losing  thdr  pitlatabilhy.  If  not  properly  stored  nnd  cnred  for, 
iJtiey  may,  nf  eoun«>,  become  damp,  musty,  and  mouldy.  In  compoBi- 
tioD  tltey  vary  but  little  from  the  flour  of  which  they  are  made ;  they 
are  drier,  and  wtiat  they  lack  in  moisture,  they  nuiko  up  iii  Itit,  which, 
in  the  form  of  bulU-r  or  Inrd,  is  adiktl  hi  prcwnt  tlicm  from  lieooming 
loo  hard  and  dry. 

Macatoal,  apaghetti,  and  vermicelli  are  prvpanilions  mode  with  hard 
vbeat  rioh  in  gluten.  The  flour  is  mode  into  a  stiff  paste  witli  hot 
wat^T,  and  ilir  ooTiiginund  \*  then  prcsMil  through  holt-s  or  mouliU  in  a 
metal  plute  aiid  dried.  They  are  exceedingly  nutritious,  tint  they  ant 
not  on  ivov  of  digestion  as  other  pn-juimtions  of  wheat  on  account  of 
their  closenese.  They  wen-  lintt  made  on  a  small  scale  in  .Sicily,  bnt 
BOW  are  produced  in  enormous  amounts  in  Italy,  rmncc.Gemianr,  and 
other  cotmtricii.  In  their  miiriufiK'tun-,  American  wheats  are  not  held 
in  high  e^ileem,  containing  not  sufficient  gluten  and  t<Mi  much  »larch. 
Tlie  bwt  wlical  for  the  purptwe  cnme«  fn>m  a  particular  distnot  in 
Ruflfiia  and  from  Algeria.  Formerly,  a  grain  from  ttQiittiern  Italy  was 
TCpuiled  a*  the  moitt  auitahlc. 

OtlMT  preparationa  of  wlMat  tlonr  include  cakes,  which  on  account 
of  the  o •iiiainni  butter,  eggs,  and  sugar,  arc  richer  thiin  bread  ;  pMtry, 
whirh,  no  aeeount  of  its  cimtenl  of  Innl,  is  more  diBScult  of  digestion  ; 
and  flotir  paddliics,  which,  being  very  close,  retjuire  nnidi  lime  for  di- 
gMtirm  and  oAen  riiuNc  scnHution  of  weight  and  oppression. 

Ad  alterations  of  Flour. — Up  to  within  cuniparativcly  recent  yntri, 
flour  hip?  ii"t  Uiii  much  ttiibjecl  tin«liilu-nition.  Occasionally,  certain 
mineral  subfitancea,  as  magneeium  carbonate,  gj'psuro,  ami  grouml 
chalk  have  been  reported  iu  European  mmplcM,  but  such  have  been 
employed  as  odulteranta  very  rarely,  if,  indeed,  at  all  in  Americiui 
flour*.  Alum  has  t>een  added  sonietinius  to  flonr  of  inferior  <]uullty 
to  improve  it«  color  or  to  check  bcgiiitiing  docom  posit  ion.  Whellier 
tbb  addition  is  objectionable  from  a  hygienic  Ktand[)oint  w  »  subject 
over  which  there  i*  a  divided  diitngreeincnt.  It  is  lielieved  by  some 
that  the  amount  of  attun  added  is  sufficient  to  exert  an  injunou:^  effect 
oa  the  digestive  inicl  on  account  of  it'*  iiHtringcnt  action,  and  bring 
ainat  eonstipotion  and  dyspepsia.  Others  believe  that  it  can  do  no 
barm  whatever  either  to  the  consumer  or  to  tlie  nutritive  vidue  of  the 
fiwd,  auA  still  others  hold  that  while  it  is  not  injurious  to  health,  it 
lenewi  tlio  nutritive  value  of  the  flour  by  forming  in.to1ub]<>  idiiminiim 
phosphate  ami  iIhii<  depriving  the  system  of  the  phuNphatcs  which 
otherwise  would  Ix-  absorbed. 

It  is  a  fact  that  flour  ttvoted  with  alum  on  account  of  beginning 

deterioration  baa  caused  untoward  effects,  but  it  would  be  impossible 

to  determine  liow  muoh  influence  should  be  aitcribeil  to  the  alum  and 

bow  mnoh  to  the  products  formed  by  the  fermentative  jirooessea  in 
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^ration  before  thv  ftddition.     The  weight  of  cvkleuoe,  bow«\'er,  it  ii] 
Ifivor  of  the  view  Uiat  aluiu  is  not  incapable  of  producing  injory  «h 
ftakeu  into  the  i«yiit«ni  lialiitimlly  in  small  uniuiinls,  iinti  rlmt  it  ftbooUl 
bo  excluded  from  all  articles  of  food  intended  for  man. 

On  aocount  of  the  growing  tendoncy  to  mix  other  mill  productn  of  1 
inferior  value  witli  wheat  flour,  such,  for  instance,  a«  rye  and  com  flour,] 
a  law  was  pataed  byf'ongreiw  in  June,  18il8,  to  meet  the  evil  and  inci-j 
dentally  to  make  it  n  source  of  revenue.  All  ndullcrutol  flour  i*  l>y ! 
the  a(:t  referred  to  designated  as  "mixed  flour,"  which  term  "flhal]  be  I 
underHtood  to  menu  the  food  product  made  from  whent  mixtd  orl 
blended  in  whole  or  in  part  with  any  other  grain  or  other  material,  orj 
the  manuftictured  [mxluct  of  luiy  other  grain  or  other  material 
whcitt."  Under  the  provisions  of  the  law,  all  persons  engaged  in  ' 
business  of  making  mixed  flour  are  re<|uired  U>  pay  aA[>ecial  annual  tu,] 
every  [luekuge  must  be  plainly  labelled,  the  names  of  the  ingredientaj 
being  set  forth,  and  upon  every  |)aekage  of  196  |x>unds  a  taxof  ll 
cent*  iflmll  hi-  (raid.  Under  the  rrgulutions  of  the  Treasury,  the  tenaj 
"mixed  flour'"  is  held  not  to  include  "the  milling  product  from  oom,! 
rye,  buckwheat,  rice,  or  other  ecrenU  than  wheat  put  U{H>n  (he  murketl 
as  the  flour  or  meal  derived  from  such  cereals,  although  the  product] 
tnay  contain  a  [lercenlogv  of  wheat  flour." 

The  detection  of  otiier  cereals  and  starches  in  wheat  flour  is  besll 
acconipliiJied  by  means  of  the  microwoiH-,  since,  &»  will  appear,  adl] 
hufl  ibi  ehtiriict«Ti8ttc  upiK-urguicc. 

According  to  Vogel,  70-per-cent.  alcohol  containing  5  per  oeot.  of  I 
hydrochloric  acid  remain!)  colorkws  al>er  being  used  to  extract  purtl 
vbeat  or  rye,  pale  yellow  if  barley  or  o&ta   be  present,   and   onmge 
yellow  if  mixed  witli  pLii  flour. 

B7E.  A 

In  external  appearance  rye  presents  a  close  resemblance  to  wheat," 
but  the  kernels  are  darker  in  color  and  smaller  in  8ixe.     It  is  by  no 
means  so  important  as  wheat  as  an  article  of  food  in  this  country,  but  ia 
some  purls  of  Eurojw  it  eoiislitules  the  main  food  supply  of  the  [x-aiimntiy. 

According  to  Wiley,  a  tj'pical  American  wheat  should  have  approx- 
imately tti«  following  oompoiMtion. 

MoUture 10.60 

Proield* „ „ liffl 

Kthur«xtnuA l.fiO 

Oiido  Hbor „ „ _ 8.10  ^ 

SukI>,  «((' „ 71.7a  ■ 

A»h..... ■     1.80  ■ 

100.00  ■ 

Amerit^aii  rye  \»  smaller  than  that  grown  abroad,  anil  contains  lc«l 
moisture.     The  proteids  of  rye  are  more  like  those  of  wheat  than  those  " 
of  any  other  cereal,  and  in  consequence  rye  stands  next  to  wheat  Id 
adaptabtlit}-   for  brtad-making.     The   yield   of  gluten  le  inferior  in 
■mount  to  that  obtainnhle  from  wheat. 
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The  storcb  of  rye  is  much  like  that  of  wheat.  The  granuleB  are 
rati»er  more  variable  in  size,  tlie  flinallii»t  of  each  kind  being  uboiil 
equitl,  but  thi:  lar^^t  of  r}'c  iK)fa«wluit  eurpas^ing  those  of  wheat. 
Th«^  is  but  one  point  of  differenee  in  mien»eoj»i<'  nppoiLnuici^  of 
value  in  detecting  the  udmixturc  of  rye  with  wheat,  namely,  that  a 
oertain  fair  proportion  of  the  lai^r  sized  granules  of  rve  present 
irrrgtilnr  rw»»c*  «r  fmctiirw.      Thin   is  illu^tnitvil   in    Plate  VII., 

Fig.  :;. 

Bread  madi-  from  rye  flotir  is  but  little  inferior  in  nutritive  value  to 
that  Iron)  wheat,  but  it  is  lees  pleasing  to  the  eye,  being  of  a  browniab 
titit,  and  has  a  peculiar  sour  ta.'^te  not  iilt<^th<'r  agri^Able  on  first 
•ccjuaintanoir.  Not  uncommonly  its  use  by  one  not  habituated  to  it 
euues  a  tendency  to  diarrhoea,  which,  however,  is  soon  overcome. 


BABLET. 

This  important  cereal  is  used  mainly  In  the  manufacture  of  beer 
and  but  to  a  limited  extent  as  a  food.  Deprived  of  its  husk  and 
nuuded  and  polished  by  attrition,  it  i»  known  as  "  jtearl  barley,"  and 
in  thi*  form  \«  more  or  lew  ui^ed  in  the  pmpnmtion  of  barley  water, 
a  drink  for  invalids.  In  its  composition,  Wriey  ie  ()uite  similar  to 
wlmt  and  rye,  but  a»  it  i#  devoid  of  gluten  tt  cannot  K'  made  into 
bread.  It  is  sometimes  mixed  with  wheat  flour  for  purposes  of  bread- 
making,  but  the  product  is  lesa  jmlatahlc  and  Icsa  dige-ttihle  than 
onlinary  brvad. 

Wiley  gives  the  following  an  the  approximate  composilioo  of  a 
^[ucal  AtDerican  unkulled  barley. 

Hoirtttn.. ....  1. .■.■*».■......  1. ...... a. ■••■...h.**!.*. ■«..«>««•■.>.......    Iv.Do 

Pratdib.- n.oa 

Btbpr  f«li«ct. 2.Sft 

Lraii*  fib«r s.ee 

SuKh,  rte _ 68.66 

Aah._ 8.60 

100.00 

The  proteids  include,  as  in  all  cereals,  a  number  of  complex  sab- 
,  chief  of  which  is  hortU-in.  The  ifturch  grunnlcH  an-  like  those 
rheat,  bat  are  less  variable  in  siie.  (See  Plate  VUl.,  Fig.  1.)  In 
tbe  manufacture  of  malt  from  barley  for  brewing,  a  peculiar  nitroge- 
Bous  product,  diastase,  is  formed,  which  has  the  property  of  converting 
Btarcb  to  sugar. 


OATS. 

Oats  are  mt>ch  used  as  human  food  in  the  form  of  oatmeal,  which  is 
the  product  of  grinding  the  kiln-dried  scedsi  deprived  of  the  husk.  It 
has  a  pcctiliar  taste  which  is  both  sweet  ami  bitter. 

The  composition  of  unhulKnl  .\nicriciiii  oats,  as  given  by  Wiley,  is 
as  follows : 
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Moisture 10.00 

Proteida 12.00 

Bth«reitrsct _ 4.60 

Crude  fiber 12.00 

Starch,  eic 58.00 

Ash 3.50 

100.00 

The  mean  oompOBition  of  oatmeal,  according  to  BIyth,'  is  as  fol- 
lows: 

Moisture 12,92 

Proteida 11.73 

Fat 6.04 

Sugar. 2.22 

Dextrin  and  rara 2.04 

Stareh 61.17 

Fiber 10.83 

Aflh 3.05 

100.000 

The  proteids  of  oats  yield  no  gluten  and  hence  this  article  of  diet 
CEDDOt  be  made  into  bread,  though  with  water  it  can  be  made  into  thia 
cakes  which  are  most  palatable.  Fat  is  present  in  greater  abundance 
than  In  any  other  cereal.  The  starch  granules  are  very  small  poly- 
hedra  which  show  no  hilum  or  concentric  rings.  They  tend  to  adhere 
together  in  masses  of  \'ariable  size  which  are  easily  disintegrated  by 
trituration  in  a  mortar.  The  single  granules  are  shown  in  Plate  A^III., 
Fig.  2. 

Oatmeal  is  a  very  nutritious  article  of  diet  used  lai^ely  as  a  break- 
fast food  in  the  form  of  porridge.  It  exerts  a  somewhat  laxative 
action  and,  therefore,  cannot  be  eaten  in  irritable  conditions  of  the 
bowel.  It  is  also  likely  to  disagree  with  some  dyspeptics  because  of 
its  tendency  to  cause  acidity  and  heartburn. 

OOBN. 

In  the  American  usage  of  the  word,  com  includes  the  several  vari- 
eties of  Indian  corn  or  maize.  In  England,  the  term  is  applied  gener- 
ally to  wheat,  r)-e,  oats,  and  barley,  and  more  specifically  to  wheat ;  in 
Scotland,  it  commonly  means  oats. 

In  this  country,  corn  is  in  many  ways  the  most  important  of  the 
cereals,  constituting  in  some  parte  the  chief  bread  food,  and  being  the 
main  source  of  starch  and  glucose. 

The  chief  varieties  are  dent  com,  showing  a  depression  in  the  outer 
end  of  the  kernel;  flint  com,  having  a  hard  smooth  exterior;  sweet  com, 
rich  in  sugar  and  shrivclhng  when  ripe ;  and  pop  com,  a  very  flinty 
variety  with  small  kernels  which  contain  a  considerable  amount  of  oU 
which,  in  the  process  of  roasting,  explodes  and  causes  the  extrusion  of 
the  starchy  interior  in  the  form  so  universally  familiar.  The  variety 
in  most  common  use  from  which  the  several  kinds  of  meal,  hominy,  and 
samp  are  derived,  is  the  flint  com.  Hominy  is  the  product  obtained 
by  grinding  loosely  the  kemcls  deprived  of  the  hull  by  soaking.     Samp 

'  Foods :  Their  Compoaition  and  Analjais,  London,  1806,  p.  210. 
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t)i«  wbolc,  or  pmctically  th«  whole,  of  Uic  kernel  mimu  tin.'  ^tdi 
Inill.  Indian  meal,  nr  corn  meal,  ia  die  product  obtained  by  grind- 
thv  kcrocU  bL-twoen  elotiM  or  hy  otliur  proccwc^  uf  millii));,  imd 

loviof;  more  or  less  of  the  bran  by  siflin^  or  bolting.  Acconling  to 
)>roc<.-«»  eni])loycit,  wt;  Imw  coantc  uimI  tine,  uiitt  whit«  iind  yellow 
Prepared  witJiout  removal  of  the  germ,  vrhich  is  rich  in  oil,  the 
litct  U  prone  to  become  mndd  and  mouldy  on  keeping. 

Proin  a  large  number  of  unalvM.-?,  Wiley  dednccs  the  following  as 
approximate  oompo^ilion  of  typical  Indian  com. 

UnuMiuc ...„ » 10.n 

Proi»id. „ _ „_.  ItKOQ 

Etlirr  (ilnct ,.„.. „     L9 

Vroiie  6brr .._......_ ^ -    1. 75 

fiwwli,  •Ic..- 7i.T6 

Ath 1.M 

100.00 

Ttie  average  of  I S  aiiidyftc«  of  miiplei>  of  nweet  corn  by  Mr.  Clifford 
Bkriurdson,  quoted  by  Wiley,  shows 

Moliitutv „..„„....„ „.„..........» ~ 6.4* 

Protcid* n.« 

Elh«r  Mind.....— _....«_ _ 6.67 

Onde  flbcr. ~    S.W 

Stutti,  Me. ».. « W.7S 

Aidi „ I.« 

100.00 

The  conipoBtioa  of  fine  meal  is  given  by  Wiley  as  follows : 


I 


JIoMtim „ IS.4T 

VMMt 7.)» 

AhM-  «stnc< I.U 

Total  (vbohydrucs « _ 78.39 

Aali „ - ftn 

11)0.00 


Tbft  lowered  percentages  of  proteida  and  fats  here  sliowti  are  due  to 
the  removal  of  the  germ,  rich  in  fat,  and  of  the  finer  envelopes,  rich  in 
prot«id». 

The  protekU  of  com,  aa  determined  by  Chittenden  and  Osborne,  are 
I  nude  np  of  itcvcral  globulins,  including  myosiiie  and  vitelline,  two 

'  rlifinrn  nC  iilliiiiiiin  i,  I  fun  nf  irinn      The  starch  gnmiiW  are  ]>oly- 

I  hedral  with  roumled  iingti^,  and  have  a  punctiforiu,  sometimes  sti-llatM], 
hiliim.  They  ape  ranch  larger  tliun  thoac  of  oiits.  wliich  Iticy  resemble 
somewhat  in  form.     Thi-y  are  lOiowii  in  Plate  IX.,  Fig.  1. 

On  acoount  of  ita  deficiency  in  gluten,  corn  meal  in  not  well  adapted 
to  the  making  of  leavened  bread,  but  it  is  used  in  many  forms  of  Bub- 
atitulcs  llierefijr.  Il  is  mixed  with  salt  and  water,  sometimes  with  the 
,  addition  of  milk  or  eggs,  and  baked  into  not  over  thick  cnkcH,  which, 
acootding  Ut  iIk-  metboil  of  prepjuiition  and  baking,  are  known  as 
johnnycalce,  com  dodger,  corn  pone,  and  corn  bread.  .Sometimes,  yeast 
and  baking  powder  are  employed.  Corn  meal  is  used  extensively  in 
the  form  of  hasty  pudding,  or  corn  niusb,  and  of  Imlimi  pudding.  In 
whatever  forni  nsexl,  com  meal  i»  a  mo^t  nutritious  and  wliuleeoroe  food. 
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Bice  IB  the  prindpal  food  of  a  veiy  \xrg6  part,  estimated  at  aboat  t 
third,  of  the  human  race.  Being,  aa  will  be  seen,  too  poor  in  proteidi, 
fat,  and  mineral  matter  to  satisfy  alone  the  needs  of  the  body,  the  de- 
ficienciee  are  m^  hy  other  y^etable  products,  as  beans  and  peas,  which 
are  rich  in  these  constituents. 

The  form  in  which  rice  is  seen  in  the  household  is  Ihe  result  of  a 
polishing  process  which  removes  the  reddish  cuticle  which  the  gnin 
shows  on  the  removal  of  the  husk.  Wiley's  figures  representing  the 
composition  of  typical  polished  rice  are  as  follows : 

Moisture 12.40 

Proteida 7.50 

Ether  eitmct 0.40 

Grade  fiber 0.40 

Starch,  etc 78.80 

Ash 0.50 

100.00 

Sice  is  the  richest  of  the  cereals  in  starch  and  the  poorest  in  all 
other  respects.  The  proteids  have  not  yet  been  systematically  studied. 
Its  starch  is  very  easily  digestible  and  is  very  useful  in  all  disordered 
conditioDB  of  the  digestive  tract  when  other  solid  foods  cannot  be 
borne.  Under  the  microscope,  the  starch  gn^nles  are  seen  to  be  mudi 
like  those  of  com,  bat  are  considerably  smaller  and  have  sharps 
angles.  They  are  less  easily  separated  from  one  another  and  are  com> 
monly  in  groups  of  variable  size.  They  are  shown  in  Plate  IX., 
Fig.2. 

Rice  cannot  be  made  into  bread,  but  is  sometimes  mixed  with  wheat 
flour  Id  order  to  give  whiteness  to  the  bread.  It  is  most  commonly 
used  in  the  freshly  boiled  condition  or  in  the  form  of  puddings.  The 
moat  approved  method  of  cooking  it  is  steaming.  This  has  the  ad- 
vantage of  not  taking  away  any  of  the  already  defiraent  proteids  and 
salts,  which  are  to  some  extent  extracted  in  boiling,  and  also  that  it 
leaves  each  kernel  distinct  in  itself  and  not  a^regat«d  in  the  form  of 
a  soggy  mush  such  as  is  often  produced  by  improper  boiling. 

BUCKWHEAT. 

This  valuable  cereal  is  very  extensively  used  in  this  oonntry  as  a 
breakfast  food  in  the  form  of  pancakes  eaten  hot  with  syrup  or  with 
butter  and  sugar.  As  it  is  devoid  of  gluten  it  cannot  be  made  into 
bread. 

The  composition  of  typical  American  buckwheat  is  given  as  fol- 
lows: 

Moisture 12.00 

PrnWidB 10.75 

Ether  eitract 2.00 

Crude  fil>er 10.75 

Starch,  etc 62.76 

A«h _}]^ 

100.00 


IBGUMBS.  ]SS 

terade  fiber  ta  very  largely  rcinovod  ia  the  milling  and  U  almost 
trflraiiwnt  fmm  the  while  flour,  a  sample  of  which,  iiDalyzecl  by 
^.  had  the  following  oomposition  : 

UoMturc 11.8B 

fntM*. „ aT» 

■e  fiMr_ _ 62 

,«t« ™ „ _ 76.41 

■■..    IM 

IW.OO 

kwbeat  is  the  most  expomivv  of  the  cereals  and  eotiscquently  is 

:  subject  to  adulteration  with  the  cheaper  memt>ors  of  the  olass. 

lixture  ia  readily  dcleetwl  by  ihu  micro»c«pc  since  the  sbirch 

lolu  have  a  very  claracteriBtic  appearance.     They  are  smalt  and 

*  r,  aod  of  fairly  tmiform  »im.     Ordiiariiy  they  are  seen  in  (airly 

whieit  are  not  disintegrated  in  the  prooeBs  of  miHing. 

IB  eboWD  in  Plate  X.,  Fig.  1. 

u — Thiii  group  comprises  peas,  l)eaQft,and  lentils.     It 

cterized  by  richness  iu  proteida  which  may  be  ])n.>^ent  in  more 

iblc  U>e  amoinit  found  in  wheat.    Tlie  chief  proteid  is  legiimin, 

much   resembles  casein  and  it)  oommonly  known  as  vegetable 

n.     According  to  K.  Flcnrent,'  ihe  protoids  of  this  group  tonaJBt 

lie  casein  composed  of  It^min  and  gliiteiiin,  and  veg(!table 

leompoaed  of  albumin  and  glisdin.     Thus  : 

*•«*•"•  •**^\Gl«ittiiiii - M.6& 

▼••--^"'*"{GiK^;r::;:::;:::::::::::::;::r:-::::::::Li;^ 

100.00 

ir  high  content  of  proteids  makes  them  more  satisfying  than 

lie  foods  and  enablex  them  to  act  as  a  fair  subt«titute  for 

The  millions  of  rice  cntem  who,  by  reason  of  poverty  or 

lacmples,  are  denied  the  use  of  animal  food,  dejwnd  n|»on  the 

to  Mippty  the  deniiimi!*  »f  the  bwly  for  nitrugfii.     The  1*^1 

br  iostaooe,  has  no  dilBculty  in  satisfying  his  bodily  needs 

.  haadfiil  of  beans  added  to  hi«  daily  ration  of  rice. 

'  they  arc  of  a  very  high  nutritive  value,  they  must  be  ranke<I 

iDore  difficult  of  digeiition  tJian  the  oercala.     They  re(|uiro 

boiling  when  cooked  whole,  but  are  more  quickly  pri-pured 

■R  eompliHbely  digested  when  ground  into  meal  and  cooked  with 

Etoi  ander  the  most  favonibh-  <ijiidittons  a  large  piirt  of  the 

is  lost  in  the  excreta.     Ruhncr  has  shown  that  a  fifth  to  a 

noC  digealdd  and  absorbed,  when?a.s  in  tlio  ease  of  bread  the 

I  loM  is  Ices  than  a  seventh. 

individiuds  are  obliged  to  forego  the  use  of  peaa  and  beans  on 

of  their  aptness  to  cause  flatulence  through  the  formation  of 

(I  hydrogen  from  the  >mlphiir  in  the  legumin.     This  objcc- 

w  nut  apply  to  lentils  since  they  contain  no  sulphur. 

*  Pad*:  Their  Compodtiun  >ail  AaklfRU,  Luntlon,  1SB6,  p.  310. 
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The  average  of  61  analyses  of  peas  compiled  hj  Konig  ia  as  followa: 

Moisture 14.99 

ProMida 22.85 

Fat 1.79 

Crude  fiber. 5.43 

Slareh,  etc 52.36 

A*h 2^ 

100.00 

When  dried  peas  become  old,  do  amount  of  boiling  will  make  them 
Boft,  and  they  must  be  soaked  and  crushed  and  then  cooked  in  9om« 
other  way.  The  immature  pea,  so  highly  prized  as  a  spring  and  sum- 
mer vegetable,  has  a  very  different  composition.  Five  analyses  com- 
piled  by  Atwater  and  Bryant'  yielded  the  following  average  results: 

Moiitare T4.6 

Proleids T.O 

FU 0.5 

Carbohydntea,  inclading  fiber 16.9 

ABh  1.0 

100.0 

The  canned  pea  appears  to  contun  considerably  less  nutriment.  Of 
88  samples  reported  by  the  same  authorities,  none  contained  less  than 
77.5  per  cent,  of  water,  and  some  contmned  as  much  as  92.7.  Their 
average  composition  was  as  follows  : 

Moisture S6,3 

Proleids 3.6 

Fat 0.2 

Carbohydrntes 9.8 

Aeb 1.1 

lOO.O 

The  starch  granules  of  peas  are  represented  in  Plate  X.,  Fig.  2. 

BEAHS. 

There  arc  many  varieties  of  beans  belonging  to  the  two  large  groups, 
the  broad  beans  and  the  kidney  beans,  but  their  composition  is  in  gen- 
eral quite  similar.  Forty-one  analyses  of  broad  beans  and  10  of  kid- 
ney beans  compiled  by  Konig  give  the  following  averages : 

Bnwd.  Kldo*T. 

Moisture 14.76  13.74 

Proteida 24.27  23.21 

Fat l.Bl  2.14 

Cnide  lil>er 7.09  3.69 

Suircb,  etc 49.01  63.67 

Ash ■__?-^  3.5.'i 

100.00  100.00 

Eleven  analyses  compiled  from  American  sources  by  Atwater  and 
Bryant  yield  averages  not  materially  different. 

■  Foods :  Their  Compaeilion  and  AtmlyMS,  Loodon,  1896,  p.  2tO. 


Arrowrooi  Siarch.     (x  2a».] 


Five  tttialyset  of  string  beoDS  in  the  fresb  stau  and  29  nf  caaned 

nplee  yield  the  following  averages  sliowiug,  m  iii  tfac  case  of  peas, 

that  the  canned  aro  luM  nutritiouH, 

FiMh,  Cuin(d. 

kUobtnra M.X  Vtl.y 

Pratdih 2.S  1.1 

_7Wt „.„ 0.3  0.1 

■Total  cartoliyilMM „ 7.4  3.8 

WAth..... _ ■    0.8  1.3 

100.0  100.0 

IP  S<ija  bean,  which  hns  Ihth  hiRhly  rrcnnimcnded  in  lomo  qusrUn 
as  a  suitable  food  for  diabetic's,  is  remarkable  for  its  high  content  of 
&I,  and  oontaios,  beside*,  «o  large  un  nmoiint  of  starch  as  to  make  it 
quite  onsuilMl  to  the  dietary  of  the  diabetic.  Kunig  has  compiled  21 
aaalysea  from  all  sources,  and  .rvtikiiiH  and  Wiiiton  '  luire  collected  10 
iDiirp  from  American  nuurcca.  The  two  groups  give  the  following 
averages  : 

KDols.         •n<l  Wlnisa. 
Mofanm  „ „..„ 9.61  1U.8D 

Pnttf^.„ 83.41  33.98 

Ftf 17.1»  16.85 

Cwd*  8hw._ „ *.7l  4.79 

Studi.  Mc^ VIM  S».tP9 

AA.„ _ _tI9  4.89 

lOaob  I0O.0O 

Bean  starch  is  shown  iu  I'late  XI.,  Fig.  1. 


IXSTTLS. 

Lentil?  arc  the  most  uulritiutis  of  the  IqjumM,  but  are  not  a  pop- 
olar  food  in  ihii)  couotry  exocpting  among  certain  of  tlie  foreign-born. 
TWr  use  is,  liowever,  on  tlw>  iiiortnisc.  The  averages  of  1  -t  analyses 
oompiled  by  Kooig  are  as  follows : 

MoMtan.^ _ . 12.34 

Pmdifa ., _ S6.70 

F«( „ 1.89 

Cmd«  ib*r. 3.87 

HURb,«U. - 63.49 

lak  ™ ■    3.04 

100.00 

2.  Farioaceoaa  Preparations. 
Under  this  head  arc  included  sago,  ta])ioca,  and  arrowroot. 

SAao. 

Sago  is  derived  from  the  pith  of  the  stems  of  a  numlwr  of  s|)ecie8of 
palms.  TIh-  piih  is  extracti-d  and  ground  u*  a  powder  which  is  then 
mixed  with  water  and  stmined.     The  starch  gmnuW  [kum  ihroagh 

■£x|>vritu«iilSuiiDn  Bullctla,  >*o.  II,  Waihlnpon,  1892. 
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with  the  water  and  are  deposited  as  a  BedimcDt  which  ooDstituto  ^1 
sago  flotir.  From  tliv  Dour  inad«  into  n  [ku^K*,  tlie  vnrioiig  forms  of  gmi-j 
ulsted  tiago  are  prepared. 

Sago  is  <)iiit«  an  important  .starch  preparation  and  serves  a»  a  I 
and  digestible  food  for  invnlid!;  and  dyspeptics,  but  ittf  tisc  is  not 
etricted  u*  these  alone.     It  ab«orl>«  the  liquid  in  which  it  is  oookedi 
becomes  soft  and  transparent,  hut  retains  its  original  furm. 

TAPIOCA. 

Ta[H0ca  is  derived  from  a  thick  fleshy  tnherous  root  called  "  manibot* 
The  Hturoh,  which  is  cxtnu^t^'d  by  a  method  quit«  similar  to  tliat 
ployed  iu  the  preparation  of  sago,  ia  heated  in  a  moist  state  on  hot  pl« 
and  Nlirrod  about  with  iron  nxi.s,  and  thu^  form.t  irregular  aas 
transparent  granules.     In  the  process  of  heating,  many  of  the 
granules  beeonic  ruptured  and  are  then  partially  i^olnble  in  cold 
Tapioca,  like  sago,  is  useful  for  both  sick  and  well. 

ARROWEOOT. 

Arrowroot  is  a  pure  form  of  staivh  from  the  tuberous  root  of  I 
niaruntu.  Its  name  is  derived  from  the  fuel  that  the  maronta  root 
believed  to  counteract  the  effects  of  arrow  poison.  It  is  used  cine 
aK  a  bland  article  of  food  in  the  siek-room  in  the  form  of  light  pw 
or  other  des§erts.  but  may  be  combined  with  other  starch  foods : 
aiade  intu  brtnd.  Tliore  are  w^veral  varictici*,  the  \re!<t  of  which 
from  Bemiudii  and  .lamaica.  Com  starch  is  fre()uently  employed) 
fair  substitute.     Arrowroot  starch  is  shown  in  PLnte  XI.,  Fig.  2. 

3.  Fatty  Seeds  (Nuts). 

Nats  are  rich  in  fat  and  proteids,  hut  contain  no  starch.  They  i 
of  high  nutritive  value,  but  on  a<M>ouut  of  their  richiKss  in  fat  tbeyi 
not  easily  digvstvd  even  when  re<luecd  to  a  finely  divided  state. 


AIJIONDS. 

Id  the  oouutrics  where  tliey  are  pruducctl,  the  almond  is  eaten 
in  the  greeo  and  dry  conditions.  The  ripe  kernel  has  a  skin  wttbj 
bitter  diftagreeabte  taslc.  Wht-n  tliis  is  rrmovoil  by  soaking  fori 
linie  in  warm  water,  the  almond  is  known  as  "  blanched." 

There  are  two  varieties  of  almond,  the  swe^-t  and  the  bittvr,  both  ( 
whirh  contain  over  -ItO  per  cent,  of  oil,  about  half  as  much  f»e 
material,  gum,  sugar,  and  crude  fiber.  Botli  contain  emulsin,  ai 
alanoe  which,  in  the  presence  of  water,  acts  upon  the  glocoeide  amy 
dalin,pretentonlyin  the  bitter  variety.to  form  hydrocyanic  add,  glue 
and  iK-nftiic  aldehyde.  On  account  of  this  reaction,  tJie  bitter  all 
ia  not  always  sate,  and  fiital  results  have  occurred  from  its  ingestio 

When  almonds  are  baked,  they  are  made  more  brittle  and  an 
easily  rednccd  to  a  powder. 


OLIVE  OIL. 
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OOOOANUTS. 

Th«  fleshy  white  keriwl  of  tliv  eucoiinut  coDtaios  about  70  per  oent. 
of  fkt.  The  milky  interior  is  chiefly  water,  but  oontaiiu  ti4;arly  T  per 
ocDt.  of  nugsr. 

AH  of  the  tree*  of  tlic  f^niis  Jtifftana  yield  nut«  cIiutHMl  ae  vrainnts  ; 
the  (liffprcnt  varieties,  though  differing  in  outward  ap)M>aran(w  and  in 
taste,  have  pmcticiUly  the  aimt;  eom position.  They  contain  about  60 
per  cent,  of  fet,  about  16  per  cent,  of  proteids,  and  about  7  per  oenl. 
of  sugar  and  gum.     The  haxel  nut,  which  belongs  to  the  oak  family, 

a  about  the  same  composition. 
r  PEANUTS. 

The  peanut,  known  alfw  as  ground  nut  and  goober,  ia  leas  rich  in  fat, 
but  rirJier  in  proteids  ihnu  other  nuts.  It  eontninit  about  lH  per  cent. 
of  the  former  and  about  30  per  cent,  of  the  latter. 

CHESTNUTS, 

^JCfaacbe[<ti)ut  i»  not  of  tliii  clius,  but  for  convenience  will  be  con- 
^PP^  here  rather  than  with  the  farinaceous  seeds,  in  which  class  it 
pffoperly  belongx.  It  cotitaini*  but  little  fat  and  prol^id."),  about  lo  per 
c«nl.  of  »u^r,  about  25  per  oeut.  of  starch,  and  about  &0  per  cent,  of 
moisture.  It  is  very  indigeiitibte  in  the  raw  Htate,  and  even  when 
oookod  a  very  tiyiug  to  the  digestion  of  ihouc  with  wiuk  slomachs. 
It  is  very  extensively  used  as  a  food  by  the  French,  Spanish,  and  Ital- 
iao  peanolry  in  various  eookcd  forms  and  largely  in  the  form  of  brctul. 

^k  4.  Vegetable  Fats. 

'1  Iw  v*BetabIe  (ata  include  the  oils  derived  from  the  olive,  cotton 
seed,  peanut,  and  other  rw-i'il.t.  They  are  u.-wd  in  the  prejinrntion  of 
Minds  and  tor  frying.     Tlie  most  important  are  the  two  first  mentioned. 


OLIVE  OIL. 

Olive  oil  is  a  bland  fixed  oil  derived  from  the  fruit  of  the  many 
varieti««  of  tlic  olive  tree.  It  is  known  by  various  nnme.'s  which  di«- 
ignate  the  grade,  but  is  sold  for  the  most  part  as  virgin  oil,  which  ia 
tiie  clmic^i-t  grade  of  all  and  not  extensively  miirkeled.  Virgin  oil  is 
made  from  the  cJioioest  olives,  about  three-fourths  ripe,  which  are  only 
slightly  bruiM}d  in  tlic  mill  mi  that  only  the  olive  pulp,  and  not  the 
stone,  is  crushed.  Tlie  cruBhe<l  moHP  i)^  then  gathered  in  a  heap,  and 
the  oil  is  allowed  to  dntin  away  wilhuut  pretuure  or  outside  assistance 
of  any  kind.  Tlie  product  has  a  greenish  lint  and  a  far  more  delicate 
taste  than  itiat  made  in  the  manner  to  be  describeil. 

In  the  matiuliieture  of  the  griidi'«  ordinarily  seen  in  the  market,  the 
(tlives,  both  pulp  and  steaes,  are  ground  into  an  oUy  paste  which  is 
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packed  into  btigH  made  of  woven  grass.  Tliese  are  placed  in  piles 
and  subjected  tu  pr<»aurc.  Xn  the  oil  drains  uvrny,  boiling  watirf  i» 
applied  to  the  liiLgH  to  k«c|)  up  the  flow,  and  thai  which  U  thus  ob- 
tuincd  constitiitos  the  lower  ^ra<lc.  SonictiniO!^  tlio  |iro««cd  pntp  i« 
thrown  into  water  and  separated  from  the  broken  kemele  which  sink 
to  ihi-  bottom.     The  pnlp  is  ihoii  gnllitTtfil  up  and  ]irv!>M:d  a^^iu. 

Ou  account  of  the  ooiit  of  pure  olive  oil,  adulteration  with  otbrr 
chraiKr  oiU  U  wry  4'Xtvn.sivc*ly  prupUcvd.  TIk-  ])riHi-i[)al  adulterant 
is  ootton-seed  oil  which  is  exported  from  this  countr)-  in  very  large 
shipmenti!  for  tiiis  iiud  ntlier  purpotic^.  Much  of  the  oil  sold  iii  ths 
country  as  olive  oil  is  cutton-seed  oil  put  up  in  the  chutpt^t  kiwU  ^f 
bottles,  lulnnied  with  gaudy  labels  bearing  inscripliona  often  not  le- 
murkablc  for  accuracy  in  the  use  of  tJie  Freuch  Imif^uage.  Tbc  autiior 
haa  seen,  for  example,  labels  which  indicated  that  the  contenta  of  the 
bottlv8  hiul  been  "  vitKinutcd," 

Adulteration  of  olive  oil  to  only  a  slight  extent  with  the  ebiapcr 
oila  i«  by  no  nmins  c^sy  of  dvtwlion,  but  when  the  fraud  is  fairly  ex- 
tensive it  can  be  shown  by  chcmicul  tests  and  by  the  use  of  tbc  it- 
fraclometer,  the  refractive  index  of  olive  oil  being  less  than  that  of 
the  chcupor  substitutes.  The  iodine  number  and  Mipouifi cation  vi)uiT- 
alent  of  olive  oil  are  both  less  than  tliose  of  its  adulteranifi.  The  bfr- 
hnvior  of  olive  oil  in  eontuct  with  nilric  aei<i  or  with  iiliubolic  soln- 
tion  of  nitrate  of  silver  is  markedly  different  from  tliur  of  the  cheaper 
oiK  Thus,  equal  volnmKS  of  strong  nitric  acid  and  olive  oil  raix«d 
togctlier  and  agitated  in  a  ffask  give  a  product  which  haa  either  a 
grceninh  tinj^c  or  nt  most  one  inclining  to  orange,  and  no  marked 
change  is  perceptible  on  standing  for  five  or  ten  miuut4^^f«,  when-iis  od- 
ton-fteed  oil  similnriy  trcatt^l  yields  almost  immediately  a  reddish  ootof 
which  shortly  darkens  and  becomes  dark  brown  or  almost  black. 

Again,  if  12  ce.  of  a  sus|>ect«l  sample  are  mixed  in  a  test-tube  with 
&  oc.  of  n  2..'j-per-ccut,  solution  of  nitrate  of  silver  !n  !).'»  [»er  cent, 
alcohol  and  placed  in  a  beaker  of  boiling  water,  the  resulting  change 
of  color  givoin  indiculiousits  follows  :  if  olive  oil,  the  color  is  greenish; 
if  cotton-seed  oil  it  becomes  black;  if  sesame  oil,  it  is  dark  ml^sll 
brown ;  if  (icannt  oil,  it  is  at  first  reddi»li  brown,  then  greenish  and 
turbid  ;  if  [wppy  oil,  it  is  greenish  yellow.  For  further  details  of 
chemical  tests  the  n>ader  is  referred  to  the  standard  works  on  the 
adullerution  of  foods. 

OOTTON-SEED  OIL. 

This  very  important  and  cheap  vegetable  fat  is  a  perfectly  wholo- 
Bme  and  desirable  article  of  food.  It  is  much  used  under  its  own 
QC  as  n  substitute  fur  lanl  und  olive  oil  for  frying,  and  in  place  of 
the  Utter  as  an  ingredient  of  dressings  for  salads.  It  lacks  the  fine 
flavor  of  olive  oil,  but  its  .Hubittitiition  in  dn-wiings  can  \te  detected  only 
by  the  educated  palate.  From  n  hygienic  slandpoint  there  is  abso- 
lutely no  objection  to  its  use  in  the  pivpiinition  of  foods.  Tlie  svuat 
can  be  said  of  tlic  other  cheap  vegetable  oils. 
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PLATE    XII. 


Potato  Starch,     (x  28B.) 


POTATOESi  ^^^^H.       Ul 

6.  Tubers  aad  Roots. 

In  the  cookiDg  of  tiibors,  root^,  and  oilier  vegetables,  llic  alltuminx 
am)  f;lol)u)in»  an  cou^iiluti^^fl,  the  fibmiis  niuttent  in  the  cell  xrnlls  are 
sofWaeH  and  ruptured,  the  Btarch  (iranules  swell  up  and  buret,  tlw 
•torch  itself  U-cuniM  Munewhm  clinngeil  in  chnnicter,  unil  the  whole 
mass  is  made  more  digestible.  When  boilings  is  the  prooees  employed, 
port  of  the  mincrnl  nuiUer  and  man:  or  \mn  of  tJie  othor  soluble  siib- 
sUUKes,  mduding  oertain  protcid  material,  are  extracted  and  lost. 

POTATOES. 

The  potaUi  is  the  mottt  ini^Kiruint  of  this  group.  It  wait  intro- 
duced into  Spain  from  Peru  about  the  middlci  of  the  sixteenth 
centurj-,  and  Utcr,  in  l.^fUi,  intn  Ireland  from  Vii^nia  by  Sir  Walter 
Raleigh  who,  in  tlic  following  yeur,  tntroducid  it  uIhu  into  EngLind. 
Prior  to  that  time  and  even  later,  what  was  bnown  in  England  art 
tho  potJito  and  th«  "  common  potato  "  mentioned  by  <  ienml  in  lii» 
Ilerbal,  published  in  1397,  were  sweet  potatoes,  "batata,"  introduced 
fnun  S|)nin. 

Tlw  averages  of  13G  analyses  (iVmerican  munplee)  compiled  by  At- 
vater  and  Bryant  ar«  w  fullowii : 

KIuiMiiff, ._.....„„ T8.3 

Fniteiilit. 2.S 

F« M 

ToIbI  carifubTdraua - ■- ~ tSA 

A«li. ■■  1.0 

100.0 
These  figures  differ  but  slightly  from  the  averages  of  178  analyses  of 
Kuropcnn  Kumjileit. 

The  proteids  of  the  potato  are  chiefly  in  the  albuminous  juice  be- 
tween and  in  tlic  cells.  I^Io»t  of  the  minenil  mattrr  iK  ntlti*  of  [Kttash, 
and  this,  too,  is  almost  wholly  in  the  juice.  The  sturch  was  discov- 
ered by  Lenl>ert  and  fieorgiew!«ky  to  he  mueh  more  readily  aeted  u]hiii 
by  the  wdivar^'  enzyme  than  iiny  of  the  ceri-ul  slsirelies.  The  stareh 
grannies  are  much  larger  and  more  irregular  in  shape  than  any  of 
those  tliuit  Gir  shown.  The  hihim  an<]  concentric  ringx  are  quite  di»- 
tJnvC     (Sw  Plate  XII.) 

In  the  process  of  ouoking,  the  albumiuoiH  juice  is  roiigulated  and  it« 
watery  part  is  absorbed  by  the  starch  granules,  which  swell  and  con- 
vcqurtitly  diiiteiid  tlie  cellH  in  which  they  are  lodged.  The  coherence 
of  the  ccILt  is  reduced  and  they  are  then  easily  sepurated  into  a  mealy 
maw.  If  the  iratery  [xirt  of  the  juice  is  not  wholly  absorlied,  the  cella 
an  separated  with  more  or  less  dilUculty,  llie  ]iotnto  remains  firm  in- 
stead of  becoming  mealy,  and  is  then  spoken  of  as  close,  waxy,  or 
watery.  In  this  Btut4>  it  is  inucb  W-i^f  t-tvily  digested  and  may,  indeed, 
be  very  trying  to  the  stomach.  The  soma  condition  is  noticed  in  the 
eaae  of  |>otaf>iM  which  linve  bwn  fi-oMrn  ;  tiiey  are  very  ivatery  and  of 
inferior  flavor  howvver-they  are  cooked. 


F      ufenor : 
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WUKH 


WATER 


According  to  Balknd,'  the  mealy  oonditioo  b  due  oot,  ae  eupp 
to  an  e«peoinlly  high  cnntetit  of  starcli,  but  to  a  low  perocnlage  of  i 
biimin,  for  a  potato  rich  in  this  subelunoo  keeps  its  shape  udi] 
cniok.t  iior  fnlls  apart.     Hi'  al.tn  [M>int8  nut  that  bfiieaih  th«  skin  < 
are  throe  wcll-defint-d  layers  which  can  be  i^cen  rwniily  by  bol<tiDg| 
thin  craiH  8cotion  against  a  ritning  light.     The  ontermost  is  ricli«6ti| 
etftrch  uod  poorvst  in  protciils,  nod  in  the  iniivrmo»l  tbeM  conditiousi 

reversed  ;  the  middle  " 
Fio.  5.  representa  the  mean 

eitioii  of  the  whole. 

The  loss  whicli  occurs  i 
boiling  is  much    less 
the  skins  are  left  intact  i 
when  n'oiovcd ;  the  ] 
loss  occurs  when  the  [ 
are   iirst   jK-t^led    and 
soaked  in  cold  water, 
cooked   by    steaming, 
is   no   loss  whatever, 
material  lost  in  boiliitE;  )>^ 
been  determined  by  H.  Snyder'  as  follows  :    SkiiiH  removed,  soaW 
hours ;  total  nitrogen,  46  per  cent.,  asb,  45.(>  per  cent.     Skins 
moved,  not  soaked ;  total  nitri^-o,  16.!)  per  cent.,  ash,  17.9  ]>er 
Skins  not  removed ;  total  uitrogeu,  1  per  cent.,  ash,  3.4  per  cent 

The  eumpositiou  of  tlie  [K>tatx>  and  the  loss  of  nutrlenth  when  boi 
with  the  akin  removed  arc  shown  by  Snyder  by  a  drawing  which 
here  reproduced,     (See  Fig.  6.) 

PotJitoes  are  so  delioicnl  in  nitrogpii  that  alone  they  utnnot 
tut«  a  proper  ration,  but  with  foods  rich  in  proteids,  such  as 
beans,  or  peas,  they  are  valnnhle  and  e(.!Ouomical. 

The  juice  of  the  potato  contains  citric  acid  and  citrates  of  potaasii 
8odinni,  and  calcium,  which  fact  aooounta  for  the  antiscorbutic  vi 
of  tliis  vegetable. 


SWEET  POTATOES. 

'['\><-  average  com|«)sition  of  sweet  potatoes  (flo  analyses)  is  given 
Atwatir  and  Brjunt  us  follows  : 

MuiHiure , .,...,,•>•„..■  •>■■»»•■  ■■■•,■.. 69.0 

rmtpidi _ _ _.     1.8 

F«[ „ 0.7 

Tulal  I'arbuhydralcii , „ _. „ ST.1 

Aih _ 1.1 

urn 

Starch  constitutes  much  the  grcntcr  part  of  the  carbohydrates; 
ae  is  mainly  sugar. 

■macic  ct  lip  Clicmie,  18S7.  VI. 
|ti«uItiiro,  Office  of  Kiporiment  SuUons,  ItDllclIn  K».  43,  1 
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ABTIOHOKES.        • 

I     The  Jeruflalem  arliclioke  is  so  nametl  not  after  the  C^ty  of  Jcru- 
flalem,  but  from  ■  oorruptioii  of  the   Itiil'uiu  word  girtmAt,  meaning 
boofluwer,  Ui  which  femilj*  the  plant   liolonge.     This  tuber  is  quiet 
Isweet  to  tlic  laatc,  but  it  is  not  m)  agrneatile  as  die 
ipolato.     Il  contains  no  starcb,  but  yicltis  about  15  Kkj.  a, 

per  ct-nU  of  eugar.     Il  i*  st»out  twice  as  rich  in 

protfids  as  the  potato.     When  cooked  il  bL'conii.« 

<lttttv  «oft  and  waicrj*. 


ROOTS. 

Tlic  mrmt,  beet,  pan-nip,  turnip,  oyster  plant,  and 
radiefa  agree  in  a  gi-ncmt  way  in  conipoHitlon  nud  may 
be  ooniudered  together.  Th«y  are  quite  poor  in 
proteidfl,  and  contain  but  a  lunall  amount  of  other 
□uLrimentA.  All  of  them  arc  valuabli-  on  Udcuunl 
of  their  aiilisoorbutic  properties,  for  providing 
variety  in  the  diet,  and  fur  flavoring  otlior  foods. 
Their  Hvemgc  composition  according  to  Atwater 
BrysDt  is  act  forth  in  the  following  table. 


WATEif 


■to.  or 


1W«ipi 


M 

18 

1 

3 

4 

1« 


W«U(. 


87.« 
88.S 

80.4 
83.0 
91.8 

a».« 


PiMddL 


1.6 
I.I 

1.0 

1.6 
1.3 
1.3 


FM. 


0.1 
0.4 
0.6 
0.5 
0.1 
0.2 


iDdudlDB 
ttbu. 


Ub. 


Snyder  represents  diain'ammatically  the  oompo- 
sitioD  of  the  carrot  and  Uk-  Ios^i  of  nutrients  when 
boiled.     (See  Fig.  tt.) 

On  account  of  the  general  resemblance  In  com|Ki- 
,  aidoa,  this  diagrsm  may  be  taken  fairly  to  represent  the  whole  grou{>. 


a.  fltm.  ituvh,  fkt, 
«tQ.:  h,  Vint:  f,  DOfr- 
■Ibumlbniapl  trngmi  out 
a»ii('i:   'I,   tJliurnlDnId 

mlavmJ  inMlor-  Tliv 
halvhrd  [^rllitn  r^pr^ 
■«iiCi  ihfl  lou  vbfli)  nt' 
dlun  >U«d  ifluu  von 
l»l]«l.  (AftarRnTliKR.) 


I 


6.  Herbaceous  Articles. 


These  inctnde  varioiu  k-nvcit,  etuim,  luul  shoots.  They  contain  but 
little  nutriment,  but  are  valuable  for  their  salts  and  for  tlie  variety 
which  they  give  to  the  diet.  It  !.-«  to  be  nutvd,  howt-vcT,  thut  iu 
proteide  they  are,  as  a  class,  equal  or  superior  to  the  tubers  and 
roots.  T\tej  contain  unimportant  amounts  of  fat  and  .-iugar.  The  aab- 
bafff'aad  allied  plants  are  not  easily  digested,  und  on  account  of  con- 
taining more  or  less  sulphur,  may  give  rise  to  diftBgreealilo  tiatulenw 
and  are  not  suited  to  weak  digestions.     Spinttch  is  regarck'd  us  slightly 


*  The  li^rea  fur  oyMur  jiliiit  nn  taken  from  Koiiig. 


1 


144 


FOODS, 


laxiitivc.     Oclerij  is  not  easily  digeeteti  in  the  raw  state,  but  b  i 
borne  wht^n  fltowt^l.      IjfUwoe,  erewet,  and  ^imilnr  nrtidt^s  for 
arc  wholosome,  digctitiblv,  and  sgroeablc  to  the  system,     A» 
while  containing  bnt  little  nutriment,  io  partioularly  prized  for  i| 
cfttc  flavor.     Oiiimu<  iintl  fFchf,  bt^'uiff  modified  Httnia,  belong  in 
gpoiip.     They  contain  volatile  oils  which  act  as  gentle  sliinulantH. 

The  fbllowinfT  table  eompiled  from  Alwiit«r  and  Br>-ant  givct  I 
oompoeitioa  of  the  metnbeis  of  this  group : 


So.ot 
AulfH*. 

WaUr. 

PMBldK 

FM. 

Tout 
«rl»- 

&« 

4.7 

4.3 
3..1 
19 
&2 
3.S 

las 

&8 

M 

s 

16 
S 
1 
6 
8 
S 
1 
1 
1 

IS 

91.0 
81.6 

92.3 
88.2 
B4.6 
94.7 
92.3 

SD.e 

81.4 
91.8 
87.6 

2.1 
1.6 

I.a 

4.T 
1.1 
1.2 
S.1 
2.1 
2.4 
1.2 
1.6 

3.3 

0.3 
0.R 
I.I 
0.1 
0.3 
0.3 
3.4 
1.0 
0.5 
0.S 

at 
u 

M 

I.I 

1.1 

ni 

% 

1 

4 

s 

t 

Tlie 
ing  are 


compositioD  of  the  eabbage  and  the  loa-s  incurred  thiuugk 
!  shown  in  the  aeoompanying  figure  (Fig,  7),  by  Snyder. 


Pio.  7. 


geuoral  way  it  may  be  ai\-L'^>t«l 
representing  the  entire  group. 


7.   Fruit  Products  Used  u] 
Vegetablea. 

Those    iucltide   tlm   tomato, 

cnmlwr,     squash,     jHimpkin, 

plant,  and  vegetable  marrow. 

lonmfo  is  largely  consuiiietl  in 

raw  .itate  as  a  salad,  and  in 

cooked    forms.     It    contains 

than  (i  per  cent,  of  solid  matter 

in  tlm  rcepcct  has  about  the 

nutritive  value  as  oelery  and  IctU 

Its  chief  snli<I  matter  \a  sugar. 

mineral  eonstituents  arc  ftte  t 

earthv  salts. 

Tiic  fiummher  in  the  raw  slate,  in  which  condition  it  U  miiitl  cf 

moaly  eaten,  is  not  «i»y  of  digt^tion,  but  when  stewed  is  light,  wh 

i!om«,  and  agre*able.     As  a  nutriment  it  stands  even  lower  than 

p*        '  ^   (iinlaining  le-iw  than   5   yn-T  pent,  of  solid   matter. 

,  Vtffrtiitt/f  mnrroK,  and   tfig-pUtid  Imve    about  t^ 
"Ttey  contain  about  90  per  cent,  of  water,  n«  « 


«^  Manh.  lUiir.  nlwr.  tM.  *t«.:  h  Wm' 
albamlaald  nUr<i|t«iiiu>  ia*II*r-  r,  mImibImM 
nlbutman*  nulMir ;  if.  mlnciw  OiIMf.  Tbo 
kalAad  MrUoo  nimHoH  Ih*  Ium.     lAHn 
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r  iu  protckb— l«t8  thaii  1  por  cvut — but  nre  Mily  rich  in  carbo- 
lyilrates. 

8.  rrnlta. 

A*  tlMUil  ihow,  thr  word  j'ruiU  is  licm  used  ia  it§  narroM-er  xciiAe 
to  designate  those  products  which,  being  of  an  »gre«iiblc  tasto  in  the 
raw  i>tatp,  uiw  Buitublv  for  \\»ts  ai*  n  doj»vrt.  The  ugreeable  taste  de- 
pends upon  the  relative  proportions  of  pectin,  Hugar,  gum,  acid«,  and 
otlicr  (stiL^tiiiK'nt^  fyniie  friiiln  with  bill  n  sinidl  pcrwntiipi.'  of  sugar 
and  coiifidenible  ucid  huve  a  swecler  tojite  than  others  richer  in  Hiigar 
and  with  nu  more  acid,  becnn^-  of  thi-  mii.-<kinfr  of  the  free  acid  hy 
tlie  gnm  and  pectin.  Thus  the  peac-h,  for  instunce,  is  comparatively 
poor  in  sugar,  but  its  content  of  acid  iii  prevented  from  being  imirninent 
br  the  lur^?  content  of  gum  and  poctln.  Some  fruits  contain  usually 
but  little  of  these  constituents. 

Fruits  conlnin  but  little  proteid  matter,  nnd  their  chief  food  value 
lias  in  the  sugar,  i^ts,  and  vegetable  acids  which  they  contain.  Eaten 
in  moderation,  they  exert  a  favorable  Influi-nw  on  \hv  system,  but  when 
taken  in  undue  proportion  to  otlier  foods,  ond  especially  in  unnjie  or 
too  ri|)e  Atatc-*,  may  cauKv  digestive  derangt'menl.s.  On  wcount  of  tbvir 
ricbneM  in  veg«liibl«  acids  and  tboir  salts,  which  in  the  system  are  de- 
compotied  and  converted  to  carbonates,  they  tend  to  diniitii:<h  tlie 
acidity  of  the  urine. 

APPLES. 

In  tlie  mw  slate  apples  arc  not  very  easy  of  digestion,  but  when 
cooked  they  are  much  more  so,  and  when  baked  are  re|mted  to  Im 
slightly  laxative  and,  tiKTefnre,  UMcfid  in  habitual  coni<ti)mtiori,  but  not 
saitable  in  the  reverse  condition.  I'rom  the  many  analyses  which 
tiBvc  been  compiled  by  various  nuthnrilies  it  may  be  stated  that  this 
fruit  contains  about  85  per  cent,  of  n'atcr,  7. 5  per  cent,  of  sugar,  1  of 
malic  acid,  0.4  of  a-^h,  bt^ide-i  variable  amounts  of  pectin,  [><;ctusc, 
fiber,  and  other  mutters. 

FEABS. 

Pears  are  somowlmt  richer  tlinn  apples  in  sugar  and  poorer  in  malic 
aoid.     They  are  lairly  rich  in  pectin. 

PEACHES. 

In  thtj  fruit  the  sugar  is  ooniiMirulively  low,  but  the  pcotous  matter 
is  exceptionally  high  and  covers  the  acidity.  They  contain  nearly  1 
per  oent.  of  malic  acid. 

APKI00T8. 

The  augar  content  of  nprloot.4  ii*  about  equal  to  that  of  peaches. 
The  pvctous  matter  is  also  about  the  sonio  in  amount,  but  the  acidity 
i«  ihgher. 

PLUUS. 

Plums  contain  oa  a  rule  less  sugar  and  pectin  and  more  malic  acid 
than  are  found  in  pcuchca  and  apricot«.     They  arc  much   more  apt 
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than  most  other  fruits  to  disagree  and  produce  derangemeot  of  digce- 
tion. 

nil  mtRTRa 

Cherries  are  notable  for  their  lai^  content  of  sngar,  over  10  per 
cent.,  surpassing  in  this  respect  all  of  the  foregoing.  They  contain 
somewhat  less  than  1  per  cent,  of  malic  acid  and  are  low  in  pectia. 
The  popular  idea  that  even  in  ripe  sound  condition  they  are  a  dango- 
OUB  article  of  food  if  eaten  in  conjunction  with  milk  has  no  foundatioa 
in  fact,  but  when  unripe  or  unsound  they  have  a  tendency  to  cause 
disorder  of  the  bowels. 

The  average  composition  of  the  foregoing  fruits  is  shown  in  the  (A- 
lowing  table  compiled  from  Konig. 


Water. 

Sugar. 

Acid. 

Pn>Mi(U. 

P«cUD,ete. 

Fiber. 

Ask. 

83.79 

83.03 
80.03 
81.22 

84.8tt 
79.82 

7.22 
8.26 
4.4S 
4.69 
3.56 
10.24 

0.62 
0.20 
0.92 
1.16 
1.60 
0.91 

0.36 
0.36 
0.66 
0.49 
0.40 
0.67 

6.81 
3.54 
7.17 
6.35 
4.68 
1.56 

1.61 
4.30 
6.06 

6.27 
4.34 
6.07 

o.« 

asi 

o.n 

OSI 

P  UIUB 

0.6S 

0.73 

OEANaSS. 

The  orange  contains  nearly  2.5  per  cent,  of  citric  acid  and  aboat 
4.5  of  sugar.  The  juice  is  particularly  agreeable  in  almost  any  coD- 
ditioQ  of  health  or  sickness  and  is  extremely  unlikely  to  cause  any  dis- 
turbance of  the  system. 

The  average  composition  of  oranges  (23  analyses)  according  to  At' 
water  and  Bryant  is  as  follows  : 

Water. 86.9 

Proteids 0.8 

Fttt 0.2 

Total  carbohvdrftto,  including  fiber 11.6 

Ash 0.5 

100.0 
QBAPES. 

The  juicy  pulp  of  the  grape  is  wholesome  and  refrigerant  and  when 
eaten  in  large  amounts  exerts  a  gentle  laxative  action.  Since  the 
number  of  varieties  reaches  into  the  thousands,  it  follows  that  wide 
variation  in  composition  must  occur. 

Twelve  analyses  compiled  by  K&nig  yield  the  following  aversgee : 

Water 78.17 

Sugnr... 14.36 

Free  acid 79 

Proteids  69 

Pectoua  malter 1.96 

Fiber 3.60 

Ash .63 

100.00 

Five  analyses  compiled  by  Atwater  and  Bryant  yield  averages  which 
are  somewhat  differently  expressed,  as  follows  : 


rios. 


1*7 


WmWf 

PrDMtik..~ 


77.4 

).6 


Total  artwbjrd MM*,  lai-ludingr  fiUfT. „,.,  ]0.t 

AJi- -....- -_.._,—„._„„..,.„ fi 

i00.0 

When  dried  in  ihe  sun  or  in  ovens,  tlte  prodiii^t  i»  niixins.  Those 
driod  in  tiu.-siinun'llK>)H>Iu-r.  K»i»ini>iire  k-i«  digestible  than  ^rnpeciuiid 
are  ool  infretjriendy  the  oiusc  of  derangement  of  ihc  inU-«tiniil  ciinnl. 

Wlut  anr  wfnijii'nilj-  kiiuwn  lut  ilritnl  oanintjt  arc  Bmall  raisins  made 
from  smalt  seedless  ^apes.  Tliey  come  from  the  levant  and  nrc 
shipped  fnuii  Orlntli,  whence  iJioir  nnmi*  in  ii  corrupttd  form.  They 
arc  cxcvKilIngly  indi]^tiblc  and  are  quite  likely  to  traveisv  tlic  entin; 
d^estive  tract  without  underfilling  any  c'haiig<>. 

MELONS. 

The  i-dibic  [lortinn  of  melons  is  very  watery,  but  the  small  amount 
of  nutnmeat  contained  is  not  unlikely  to  eaui<c  in  many  persons  di- 
gestive di>iturhanoi«  iiccompanied  by  annoying;  eructations.  Not  many 
anftlyBS  have  been  recorded.  Slorer,'  qnoted  by  Kuiiig,  hu»  reported 
three  uulyscs  which  give  the  following  averages : 

Wmw „ 88.09 

Pr»«)i1l„ _ 92 

Fm „ 18 

Sonr,  cW. ft.O& 

Fifcr „ 1,04 

A* .72 

100.00 

1      Two  analyws  of  watermeloas  noted  by  Atwater  and  Bryant  give  tlic 
"ftUowing  averages : 

Wucr 92.4 

Pnuiia 4 

F»t _ S 

Toul  «*ri)ohrdni«i^  tncladin|[  fliwr 6.7 

Ath „ „ .3 

BANANAS. 

BatMLiMtf  bimI  plsiitnins  arc  among  tlic  most  outritJous  of  fniitt ;  in 
many  parts  of  ibe  tropics,  they  constitute  the  chief  fmHl  of  those  who 
are  too  lazy  In  fcrfonn  miy  kind  of  manual  lalwr.  The  eJiblt'  part 
yields  al»nt  "20  per  cent,  of  sugar  (cam?  and  invert),  about  2  of  pr»- 
teide,  0.6  ofsljirch,  and  nttlier  more  of  fat. 

nos. 

The  fig  in  the  fresh  state  is  about  equal  to  the  banana  in  nutritive 
properties.  In  botli  the  fresh  and  driwi  forms  it  is  highly  esteemed  as  a 
taild  laxative.  The  dri(-«)  fig  contains  about  -iO  per  cent,  of  water,  AO  of 
Mlgar,  i  of  pToteid.4,  and  3  of  ash ;  the  balance  is  elitcfly  seeds  and  fiber. 

■  Bepon  ot  CcnnDclicuI  t'^]H'rinM'nE  Suilion,  187?,  p.  I&S. 
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B£BBI£S. 

The  variouH  bcrricii  aiv  notahU^  tor  their  content  of  free  scid 
sugtir.  Two  IciiiiU,  till'  criiiibcrry  und  tho  barberry,  are  too  sour 
palfn  raw  and  must  l>e  cooked  with  sugar  in  order  u>  \ve  made  pi 
blf.  Tlic  corn  position  of  the  iH.-vtriil  rncnilH-rs  of  tbiB  group  is  set 
in  tJie  following  tible  oonipiled  from  K&nig. 


W>t*r. 

Bo^T. 

aSS. 

rralaldb 

0.97 
«.« 
ft.47 
4.93 
13.16 
&SS 
8.10 
3.26 

80.41 
89^ 
84.77 
8S.74 
78.36 
84.71 
8S.74 
87.66 

4.41 
1.63 

6.3S 
7.08 
S.OS 

g.i9 

8.86 
e.S8 

1.1» 

2.34 
2.11) 
1.4S 
1.66 
1.86 
1.4S 
1X93 

0.51 
0.12 
0.&1 
0.*- 
0.78 
0.36 
(1.40 
1.07 

9.  Edible  Fungi. 

ISUSEBOOHS. 


I 


MushnwHna  arv  reputed  to  be  extremely  rich  in  nitrogen  and  > 
nutncntii  und  tlivy  arc  atrronlingly  recommi-ink'd  its  a  valuable 
material.  It  is  true  that  they  arc  somewhat  rich  iu  iiitrogi*n,  b 
must  lie  «iid  that  a  largi^  pni)i<ini(>ii  of  lliis  clement  present  is  id 
binations  (amido  compuunds)  whieb  arc  useless  as  foiid.  A.s  ft  u 
of  fiict,  the  total  xolid  matter  of  mu.ihrooniftavcragt-.K  about  12  per 
and  19  liirRcly  woody  matter.  Mushrooms  are  nitlicr  dilKcult  o 
gcstioii  and  are  not  at  all  adapted  to  weak  stomachs.  They  have 
called  "  the  p<jor  muii'"  tneul  "  and  much  lins  liecn  done  to  en«o1 
the  i>oor  to  seek  for  them  in  the  fields  and  woods  in  order  to  add  t 
larder.  Iria.'tmueli  aj*  the  market  price  of  miuliroom«  for  the  tab! 
tlie  rich  is  gcncnilly  high,  and  since  their  food  value  ii<  dedt 
over-rat<Hl,  it  wouhl  ajipear  that  where  there  i«  n  market  for  then 
poor  can  do  much  Ix'tt^r  for  their  nutrition  by  disposing  of  their 
ing^  ami  converting  the  prooeed-t  into  ehea|>er,  more  digcstiblo,  i 
nutritious,  and  less  cloying  article*  of  food. 

Truffles  contain  more  niti*ogen  than  mushrooms,  hut  they  are 
much  mure  wixuly  and  can  hardly  be  looked  upon  as  valuable 
the  point  of  view  of  nutrition. 


10.  Saccharise  Preparations. 


4 


Sugar  wa.^  known  (o  the  ancient  Greeks  and  Romans,  and  ita  o 
facturc  bas  been  conducted  by  the  Chinese  since  the  earliest  tintcft 
is  very  soluble  and  diffusible  and,  tiierefure,  is  easily  digested, 
trose  is  ready  for  assimibition,  but  sucrose,  maltose,  and  lactOM 
fir«t  uadergo  a  splitting  process  within  the  digestive  tntct. 


MAPLE  SUQAB. 
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CANE  SUOAR. 

Oioc  sugnr  it  obtaim'cl  from  tint  m^xr  i-anc,  siipir  l>o(rtj<,  sor^liiiin, 
and  sogar  maple.  It  is  very  soluble  in  water,  but  quite  iiiBolublc  \a 
itbeuliitt.'  aloohol.  Hcittiil  uilli  ililiiti-  mint-nil  acidn  nr  witb  rritric  nciil, 
it  splits  into  dextrose  anil  l^eviiloee  aotl  \»  then  ktiuwii  ns  invert  sugar 
frooi  the  fuct  tlmt  thv  polarixation  liooomeH  iiivcrlj^d.  (^no  itugiir 
rotates  the  pUnc  of  polarized  liglil  to  the  right;  thv  two  eubstaiioos 
into  which  it  ts  itplil,  dextrav  aud  la^viilose,  rotate  respectively  to  the 
ri^ht  nnd  Ictt,  but  the  uctiou  of  lirvuluite  ia  Bo  mucti  the  Stronger  tlint 
tlie  misturt!  gtve.-i  le(\  polanzalioD. 

ncat(>d  above  180"  C,  sugar  yteldf  onmmvl,  which  i.s  not  a  nimplc 
sabfltaDce,  but  a  complex  mixture  of  brown  products  of  dehydration. 
It  is  used  as  n  colonDg  for  luw  gnidc  milk  and  otlier  articles  of  food 
Bod  somewhat  aa  a  flavoring. 

Ouic  Higar  is  mid  in  vnrious  fumiB  :  cut  or  loaf  itugar,  granulated, 
and  powdered.  The  cheaper  grades,  Icnown  from  thvirculoroH  "brown 
■ogars/'  pnntain  variable  amounLi  of  invert  sugar,  gummy  matters, 
and  other  impurities. 

Sugar  i»  not  much  Bubjeot  to  adultomtion,  though  there  is  a  populnr 
id«A  that  glucose  and  sand  am  common  admixtiircT>.  It  i^  pmhiihle 
that  sand  is  as  rare  an  adulterant  of  sugar  as  chalk  is  of  milk.  Glu- 
eoae  is  rarely  mixed  with  sugnr,  but  i«  oousiderably  ».*■<!  as  a  cheap 
rabetituie  for  it  in  the  manufacture  of  cheap  Jellies,  juni»,  uud  amdics. 
Sugan*  liuit  are  «>mcwhHt  "  olT  color  "  an'  treated  itometimcs  with 
nltramariae  in  tlic  final  processes  of  muuufocturi;.  This  corn'ots  tlib 
lanlt  and  makes  tltc  prouuct  white.  Occasionally,  the  amount  added 
is  sufficient  to  cause  great  alarm  in  the  huusch'.ild  when  liirge  ijuanli- 
tiea  of  dugar  are  made  into  syrup  with  hot  water  in  the  preparation  of 
precervcs  and  jellies.  The  bine  mnti^riiil  iiumes  U>  the  surface  lua  scum, 
and  ita  milooked-for  appearance  gives  rise  to  suspicion  of  poison. 

UAPLE  SUOAB. 

This  fbrm  of  cane  «ngar  is  highly  |)ri/.c<l  for  its  agreeable  flavor.  It 
M  a  much  more  expensive  article  than  ordinary  sugar  and  is  used 
more  aa  a  confection.  In  the  form  of  syrup  it  i.i  very  extensively  used 
on  baekvrbeat  cakes  and  with  other  cereal  breukfast  foods.  It  is  much 
■abject  to  ndullenitiiiu  and  substitution.  A  hir^^e  pari  of  t)ie  syrup  in 
the  market  is  wholly  artificial,  being  made  from  unltnury  !>ugiir  or 
gliuxMc,  appropriately  colored,  and  eorreetly  flavored  by  means  of  ex- 
tract of  hickorj-  Ijark.  The  sugar  itsi-If  i»  iniitiiti-d  in  the  sami-  way, 
but  one  not  iufrei|uently  sees  specimens  which  are  absohitely  dcvoi<l 
of  any  flavor  save  that  of  brown  sugar.  The  Bubstitutioii  by  tlavored 
oaoe  sugar  is  practically  impossible  to  prove  by  chemical  mc-aiiK,  ttnnigh 
tbt  soluble  [>ortion  of  the  ni<h  of  the  genuine  article  is  almost  wholly 
polaasiam  carbonate,  while  that  of  crude  ranc  sugar  is  largely  Hudium  salts. 

The  pre»ei»c«  of  ordinar)*  brown  sugar  or  molasses  can  be  detected 
by  the  yidd  of  reducing  sugar,  since  pure  maplo  sugar  contains  bat 


150 


FOODS. 


very  little  of  this  substance.    The  detection  of  gluoosr  is  very  einp 
lironght  atxnit  by  the  b«'lui\'ior  of  llie  sjwcimen  under  polaris 
analysis. 

OLUOOSE.     DEXTROSE. 

Dextrose,  or  grape  sugar,  is  inferior  in  sweetening  power  to  i 
.ingnraiicl  is  not  rry.'<1alli»ibli-  to  the  same  exienl.     It  is  muoh 
Billable  in  natvr,  but  is  irolublc  in  glycerin  iinc]  in  nioolio)  of  ordin 
strength.     It  is  found  in  grapes  and  in  many  other  fruits  and  \'i 
tuhl*M,  but  always  ibwociutcil  with  Itvviiluse.     By  fermentatioD 
yeast  it  splits  into  carbonic  acid  and  alcohol ;   in  the  presence  of  : 
nivnty  whicli  dii^irgiiiiizi;  jirotciiU  it  yields  lactic  acid.     It  eze 
stroDg  reducing  power  on  Fehling's  solution. 

Com iiifn rial  glucose  in  ohtaineil   by   heating  starch,   usually 
starch,  with  dia'^tase  or  dilute  sulphuric  acid.     Before  the  linal  pr 
of  concentration  of  the  solution,  the  acid  is  ootnpletely  neutralized 
tlie  application  of  marble  dui^t,  ami  Ihc  resulting  sulphate  of  caldn 
and  the  excess  of  the  neutralizing  agent  are  removed.     The  prndQ 
always  contains  eniiKidcrablc  pn>]R>rtii>iK  of  inalloiw  and  dextrin  and  f 
rotatory  jrower  is,  therefore,  x'erv  much  greater  than  that  of  pure  | 
cose  sueh  a.s  ii*  obtainable  from  diabetic  urine. 

Glucose  is  producctl  in  enormous  quaiititiLW  Iwth  in  the  toliil  fbo 
and  as  a  very  thick  colorless  .tyrup.  It  i-->  used  in  the  manufiicture  i 
cheaj)  umdics,  junis,  and  p^cser^'l'»,  in  the  brewing  of  beer,  and  uJ 
adulterant  of  mola-tscs  and  honey.  The  (mpular  idea  that  it  is  inj 
riouii  to  hcalib  is  absolutely  without  foundation  and  ia  the  result 
trcosclcss  agitation  ngainsi  its  tise,  set  on  foot  for  ooouuercial 
and  by  i>M:uihKunenListfi  and  auiatt^ur  bygicni«t«. 


MOLASSES. 

Molasses  is  a  thick,  viscid,  durk-colored  liquid  which  drains  amy 
the  process  of  the  manufacture  of  sugar.     It  contains  from  65  to ! 
per  oenL  of  »<igur,  part  of  which  is  sucrose  and  part  fruit  sugar, 
Otis  wits,  gummy  matters,  extractives,  and  water.     It  is  graded 
cording  to  color  from   the  clieapcst,  almost  black  article  known] 
"  black  strap,"  to  the  finest,  which  is  light  yellowish  brown, 
refined,  it  is  briltiitnt  and  traa^jiarfiit  anil  kuoxvn  lu  syrup. 

All  gnulcs,  but  especially  the  higher,  are  extensively  adidte 
with  glucate  synip.  Thi.t  nwluces  the  .sweetening  ((ovrer,  but  gil 
body  and  u  finer  uppennmce.  The  fraud  id  readily  detected  by  I 
use  of  the  polari.tcope,  since  the  adulterated  article  gives  a 
higher  raiding,  and  on  inversion  instead  of  giving  left  polar 
continues  lo  give  a  reading  to  the  right  almoat  as  high  a:*  liefore. 

Another,  and  fmm  a  sanitary  jwiiit  of  view,  a  more  imjrartant  add 
terant  of  molasses,  is  the  protochloridc  of  tin,  known  also  as  "  tin  i 
tal  "  and  "  ."talu  of  tin."  Tht.i  is  added  for  the  purpose  of  reduciag  J 
amount  of  (^«lur,  thus  giving  a  fictitious  udded  value.  It  coinbil 
^^of  the  coloring  matters,  and  the  resulting  comjiound  &e{ 
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teodfl  to  deposit.  That  a  1arg:«  proportion  of  the  amoiiat  added  to 
.  bogsbcad  niny  be  found  in  tliu  "fool,"  or  HUgnr  »ediment,  which  i^ 
quite  coromonly  used  in  the  making  of  cheap  candies  such  as  cocounut 
taffy.  Only  a  part,  however,  is  liopiisited,  imd  iK-nee  a  i*|>ecinien  thus 
adulterated  vdll  yield  notable  traces  of  the  Fait  on  iunncnition  and 
aoalysU.  U  is  iwle**  to  attempt  to  se])ariite  the  tin  in  the  onlinarj- 
WET  without  previous  incineration,  since  the  organic  nuitt«rs  prvscut 
prevent  the  prccipitAtkm  of  the  sulphide. 

loBsmiich  as  the  protochloride  of  tin  is  an  irritant  |>i>i:i»n,  and  ftinco 
its  addition  eaii  serve  no  legitimate  useful  purpose,  this  form  of  udul- 
t«ntion  Dboiikl  be  prohibited  and  pnnielK.il.  .S>nietiine.-«  tin  iii  preaejit 
ia  molaases  not  as  an  adulterant,  but  because  of  a  practice  fol  lowd)  by 
aomc  makers  of  crudr  sugar  of  treating  their  product  with  this  agent  to 
improve  \Xs  yellow  color  before  it  leaves  the  centrifugal  maclitnes,  aud 
tlitu  it  find^t  its  way  into  the  by-product. 


HOKEY. 

IIoDcr  is  sometimes  classed  as  an  animal  food  since  it  ia  a  product 
•tored  up  by  bees,  but  it  can  hardly  be  no  coniiidered  since  it  is  obtained 
from  tlic  nectaries  of  flowers,  althouf>;h  during  itH  storage  in  the  bee'a 
crop  it  undergoes  some  change.  After  this  alteration  by  the  secretions 
of  the  crop,  it  tf  disgorged  and  dcixii'il^-il  in  the  cell  of  the  honey-comb, 

Iloaey  is  a  concenttated  solution  of  sti^rs,  chiefly  <U-xtni»c  and 
Icxnilow  with  »mall  nmountit  of  8U(;riv«c  and  mnnnite,  containing  also 
small  amounts  of  wax,  oi^nic  acids,  protcids,  mineml  matter,  ])ollen, 
and  odorooi-  and  other  principles.  Tlie  flavor,  color,  and  odor  vary  ao- 
oordinf;  to  tlic  nature  of  the  flowers  from  winch  ihi-  liuncy  i:*  obtained. 
Sometimes  when  derived  from  (loifionous  plants,  it  has  poisonous  prop- 
artivs ;  tins  fiict  has  been  noted  by  both  iincicnl  aii<i  niodern  writers. 
Xeoophoo,  for  example,  has  recorded  most  serious  symptoms  of  intoxi- 
cation ductoitv  ingestion, nod  a  numlK'rof.imall  (>ulbreak.s  resembling 
ptomuin  poisoning  have  been  reported  by  recent  writers  in  tWn^  mnnlrj-. 
Honey  fnmi  the  ilower?  of  the  yelloM"  jimmine  has  been  known  to  pro- 
duce serious  and  even  fatal  rcstdts,  and  that  tlerivrd  from  a  r<p('ci{»  of 
rfKidodendron  growing  in  the  neighborhood  of  the  Black  Sea  has  long 
bent  rccognixcd  as  poisonous. 

The  power  of  honey  to  exert  a  medicinal  influence  is  sometimes 
tirmcd  to  good  account.  Thus,  in  Abyssinia,  wlieiv  the  flowers  of 
the  coaso  tree  are  the  universal  remedy  for  tapeworm  and  a«oaridc« 
with  which  a  large  proportion  of  the  ivipulatlon  is  afflicted,  swarms  of 
bees  are  kept  by  order  of  King  Menelek  in  gardens  wher*?  no  other 
plant  U  cultivated,  and  the  honey  which  they  store  has  been  found  to 
have  all  the  good  qualities  of  the  drug  with  none  of  Xln  nn]ialatability 
or, unpleasant  effects,  such  as  nausea  and  vomiting. 

By  microscopic  examination,  which  will  show  numerous  pollen 
gniiu,  one  can  often  easily  determine  from  what  kind  of  Bower  the 
hoacy  luu  been  gathered. 
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Honey  coDtnins  about  73  per  cent,  of  migiir.     1»  oonwqoence 
the  prepondernnt  influcDoe  of  the  luevulose  in  the  mixture  on  the  i 
tHtioii  of  tin-  phino  of  poluriziil  lisht,  the  puluri.*c>nj>io  iviiding  of  a  ^ 
sample  is  almost  alwav-i  to  the   left;  when  not  to  the  left,  the  ivndtl 
is  not  over  A  fuw  <ht^ci.'»  to  the  right.    The  ]wrci?iilage  of  water  a\"er 
about  1 8  or  19;  occasional  npeci  iiieng  are  found  to  contnin  as  high  ta  i 

Honey  ist  u  very  inijjortaiit  ungar  food  ;  it  i«  verj-  agreeable  to 
buitc  and  ea;4ily  us^iDiiUted.     On  account  of  it«  <'oiii|H(niMvvly  hij 
price,  it  is  very  subject  to  adultemtion  with  glueoHc  and  cane  sug 
That  which  is  sohl  in  the  comb,  the  coriil)  Htill  in  its  frame,  i.^  alrao 
invariably  genuine.     The  extracted  honeys  sold  in  bottles  and  tuml 
are  vofy  oommunly  mixtures  of  the  genuine  article  with  gliieose 
cane  sugar,  and  often  contain  no  honey  whatever.     In  order  tti  ennt 
the  iden  of  g<>iiuinfne.sii,  it  lit  a  comnmn  practice  to  insert  a  small  frio 
of  etmib.     At  least  one  ingenious  fubrieator  of  ghic«se-honoy  ha* 
known  to  add  to  each  tumbler  of  his  product  a  dead  bee  to  serve  ttj 
silent  false  witness  of  its  origin. 

The  detection  of  adulteration  with  glucose  or  cane  sugnr  is  an 
matter,  sincv  all  siinip)i-!<  no  made  give  n  Ktrong  reading  to  the  right  < 
polarlscopic  examination.     Ou    inversion   of   the  sample,  tlic  rigi 
nanded  reading  pernintit  if  the  adulterant  in  glucose,  and  is  chaDg«^l 
tlic  left  if  cvnc  sugar.     It  is  said  that  inverted  cane  eugar  is  wm^tin 
mixed  in  proper  proportion  to  make  an  artificial  honey  which  will  gi^ 
the  normal  [nilariscopie  test  of  the  genuine  article,  and  that  to  imit 
the  latter  still  further,  so  that  microscopical  examination  may  sli 
attest  it.i  genuineneibt,  |>olleii  grains  are  added  in  sufficient  amou 
THit  wh  of  itueh  a  product  would  alone  reveal  the  fraud,  since  it  wou 
contain  no  phosphoric  acid,  while  genuine  honey  contains  about  (XC 
{)er  CiMl.  of  that  suWtauoe. 


CONTBCTIOmGRT. 

Candies  are  preparations  made  of  sugars  or  substances  coutainin 
them,  such  as  molasseji  and   boney,  with  or  without  the  admixta 
of  other  food  miiti'rials,  such  an  nuts,  fruits  ami  ehoeolale,  »tar 
and    fats  to  give  body  and  consistence,  and  flavoring  and  coloria 
a^nts.     The  addition  of  8nbiitancf«  which  wrve  no  legitimate  usef 
purpose,  KUch  as  term  alba,  which  is  said  to  be  added  sometimes  I 
lend  weight,  and  of  injurious  colors  and  flavors,  may  properly  bei 
garded  an  nihil teratiou  ;  hut  the  u*e  of  glucose  sugar,  cocow  butter  i 
other  «uhHtaDccs  of  a  harmless  nature  and  possessing  value  as  nuB 
ment  cannot  be  so  regnrdinl.     Many,  some  say  mo^l,  of  the  che 
candien,  euntaiii  variable  amounts  of  glucose  and  starch,  hut 
can  be  said  agaioat  the  use  of  these  substances  on  the  swore  of  wli 
somenes.-*.     The  iise  of  term  ulba  is  pi)pularly  suppoi~cd  to  t>e  V8 
oimmoii,  but   numerous  analyses  by  niauy  cheuiisis  thnmgbout 
f^  show  that  this  suhstaiiot-  is  an  exceedingly  uncommon  ingr 

1  very  dicapeiit  caudies. 


TEA.  ^^^^V        168 

Th«  flaroring  ■genU  ooromonly  employed  an;,  as  a  rule,  quite  harm- 
IcM  in  charact«r.  'Hie  colon  iiwed,  however,  are  i«)t  infrequently  of 
■  pmaooous  nature,  especially  In  tli'mc  states  nliicli  linve  no  laws  against 
food  iwlulUTiition,  nr  which,  having  ihem,  make  no  proviHinn  for 
their  enforcvmcut.  Tl>cee  injnrio(i«  colonnj;  iigent«  iiiclmlc  the  chro- 
matr^  of  |iotaikikiitm  and  lead,  tin  lakes,  and  certain  of  the  coal-tar 
proiliict^,  Mic)i  :iK  Martius  yellow,  dinitrocrtvol,  and  dinitnwo-rvsor- 
ciDol.  The  employment  of  chronjafe  of  load  and  of  chromate  of  po- 
taasiiin]  it  frequently  Bcoutci),  hut  thci>c  TXilHttani^M  arc,  nevcrllit'lc)<e, 
not  nncommoniy  used,  and  have  hcen  detected  by  the  aullior  in  many 
•[■eeimcnx  of  yellow  m^m  used  for  di-coraiing  cakeH,  mid  in  yellow 
caodiea  made  in  the  sliape  of  beans.  Most  of  the  colors  used  are,  bow- 
ever,  of  a  Itarmlew  nature. 

JELLIES  AND  JAMS. 

Jellies  are  semi-solid  glutinous  preparations  marie  by  boiling  fruit 
juic«4  with  8ugar  and  allowing  to  cool ;  jaiui«  are  snmewtiat  similar 
preparations  which  include  the  pulp  of  the  fruit  as  n'tll  as  the  juice. 

Many  of  the  jt-llien  found  in  the  shojis  arc  made  with  glucn.ie  i>yrup, 
CUM  BI>g*r,  gelatin,  arlilicial  flavorings  and  colors,  and  extracts  made 
by  boiling  the  refuse  of  canning  establishments.  Jnnii),  likewiM',  are 
largely  factitious,  being  made  with  glucose 'synip,  Ravoringv,  color- 
ings, various  kind=i  of  seeds,  and  tasteless  vt^table  tissues  such  u 
summer  squasli  and  boiled  while  turnips. 


Section  S.     BEVERAGES. 

Stimalant  Beverages  Containiiig  Alkaloids. 

These  include  ten,  ctiffec,  and  coiMa,  and  o<'riiiiu  other*  not  used  to 
any  large  extent  in  this  country.  The  Hlkaloit]><  of  these  products  are 
known  pe9i>ectivi-Iy  as  theiiie  and  catleiin-,  which  ar<-  chemically  iden- 
tical, aod  tlieobruminc,  which  is  very  closely  related. 

TEA. 

Tlie  virtues  of  tea  were  discovered,  according  to  Cliinenc  tradition, 
over  2,70(1  yeans  Wfore  the  Christian  era.  It  was  first  used  in  Eng- 
land in  the  seventeenth  century  (about  If*'')?),  and  came  there  into 
general  lutc  alKitit  ItiTo.     It  was  introduced  into  America  in  1711. 

Tea  tfi  the  dried  leaf  of  a  shrub,  77(<yi  fAinwutw,  indigenous  to  China 
and  otber  parto  of  At^ia  iind  ctdlivaleil  in  India,  J.'ipim,  and  (Vylon. 
The  varieties  of  the  plant  pimluced  by  dilferent  methods  of  long  cul- 
tiration  were  formerly  believed  to  be  diiitinct  "[yccic*,  and  wcn>  known 
aa  T.  liohfa,  T.  riri'lif,  etc.  The  differences  in  the  varieties  found  in 
cootmeroe  de[)end  upon  the  age  of  the  leaves  when  gathered  and  their 
pontioD  on  tlic  slcm,  and  upon  special  methods  of  dn'iug  and  prejiar- 
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ing  then)  for  the.  iiurk«L    The  choicest  varieties,  for  example,  ip 
those  wiiich  include  only  the  torminitl  Intv<»,  nnd  the  poorest 
mnde  up  of  thi^   largest  and  ooarsest  leaves  from  the  lower  cod 
the  twijt- 

T«a  1.4  commonly  clashed  as  f^i^n  or  black.     Both  kinds  ctytatt  fn 
the  iKiun:  ehriih.  but  nrtr  liillVTCiil  in  point  of  age,  and  are  cured  in  i 
ferent  waya.     Green  tea  is  made  from  young  leaver,  which  are 
quickly  sliortly  ufli^-r  bi-ing  gathered,  and  then  rollei!  and  again 
Black  tea  is  from  older  k-avfj-,  which  arc  ullowfil  tu  will  iiiwl  are : 
gnthi'rcil  inlo  hi'ap«  and  allowed  to  stand  without  further  nisuipuUtia 
(or  altout  a  half  day,  during  which  time  they  undergo  a  ftTUK-Jitaiil 
proecis  and  change  color.     They  are  next  rolled  by  hand  and  til 
heated,  and  these  prowssos  may  be  rciK'fltt-d  Kcventl  timet)  altemauljl 
Finally,  they  arc  dried  slowly  over  burning  charcojd. 

The  composition  of  tea  is  very  variikble,  and  it  is  ini|K)(iiible  to  git 
Bgurea  which  may  be  accepted  as  indicating  the  approximate  ootatiti 
tion  of  n  typical  spiKiimvn.  Konig  ban  collected  16  analjsn ' 
give  the  following  averages : 

MoiBiure.. 11.44 

Niltugcnomi  innilcni. ._ 2l.'it 

Tlioii. _ 1.3S 

VolntilooU n 0.07 

i'aU  nuin,  cU ^61 

Oum,  dezlrin,  olc ■ ■ 7.13 

Tsiinin I2.3e 

(HIlur  extractive* 10.76 

Fiber _ 20.30 

Aah Ml 

100.00 

Knt  it  must  be  said  that  the  variations  in  the  amounts  of  individv 
constituents  of  these  sixteen  lipceimens  arc  very  wide :  for  ii 
water,  4.5»  to  l(i.O(> ;  thein,   U.40  to  4.94;  tannin,  4.10  to  20.8^ 
fiber,  15.11  to  2o.06.     Dragendorff  found  in  twenty-three  i#p 
from  I.."10  to  3.0H  per  cent,  of  thein,  7,10  to  V>.6(i  of  moisture,! 
from  2-1.80  to  44. .^0  per  cent,  of  total  wduble  i.wnsuUn^nl.'t.     The  i 
of  pure  tea  is  Inirly  constant  in  amount  and  almost  never  neaclict 
high  OA  7  per  cent.;  usually  between  fi  and  (i  |>er  cent. 

Tea  should  be  use<]  only  in  the  form  of  an  infusion  made  by 
iDg  boiling  water  u\nm  the  requisite  amount  of  leaves  and  atlowiog^ 
to  stand  a  i<horl  while  to  "  draw."  It  i*  not  uncommonly  usi^-d  in  ' ' 
form  of  a  decoction  ;  that  is,  by  boiling.  This  process  is  objcdiouahlei 
two  way« ;  first,  the  delicate  aroma  is  loM  by  the  e]qml»on  of  the ' 
volatile  riMnitial  oil,  and  second,  the  leaves  are  made  to  yield  all 
tannin  and  other  extractives,  which  matters  tend  to  bring  about, 
or  later,  dcRin^mcnt  of  (he  digwtive  function  and  a  c^utnrrhal 
tion  of  the  stomach.  The  finest  and  most  delicate  portion  of  an  inl 
sion  i«  that  which  in  ]H>urod  off  within  three  or  four  minutcit,  for 
thU  viill  be  found  a  maximum  of  flavor  with  a  minimum  of  bitter 
iitgency.     The  excellence  of  an  infu»on  is  oonsidvnibly  inl 
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«s«etl  by  the  chancier  of  the  n-ater,  which,  if  very  h«rd,  in  nlow  in  ex- 
Uvcting  the  (Ireiniljle  mluble  constituent*,  vrhik',  if  vpr>-  tad,  it  ex- 
tracts Dot  only  these,  but  fnr  too  ra|H<]ly  the  lesa  desirable  prinoipleii. 

Wbrn  prT)]".Tl_v  iiukIi-,  tra  in  moili-nition  is  s  wholesome,  nun-cable, 
U)d  refreshing  slimiilnnt  bevenge,  particularly  grateful  iu  conditions 
of  menial  or  pby^cal  weiiriiiv«*.  Used  in  excrse,  it  i^xerto  ni  harmful 
iaflaence  upon  the  nervous  sx-slem,  and  in  a  too  strong  form  injures  the 
dige^itivv  trad  and  functiou. 

The  abiupuf  tea  as  a  beverage  leads,  according  to  Bullanl,'  to  ring- 
ing in  tJte  eart,  tremor,  nervouniieiu),  headache,  neuralgia,  hytiteria,  ir« 
rc^larity  of  the  heart,  dyspnteu,  dyspepsia,  and  constipation. 

Dr.  Hayes,  the  Arctic  explorer,  haa  testified  to  the  value  of  tea  and 
«oflev  in  enabling  men  to  cmliirc  hardship  of  nil  }H>r(4  and  cold,  (ca 
beiog  especially  soothing  at  the  end  of  a  hard  day's  work. 

While  tea  by  itself  «in  hanlly  itc  looked  iijK.n  iw  an  article  nlTord- 
ing  any  Important  amount  of  nutriment,  as  commonly  consumed  it 
•erv««  a*  a  vehicle  for  other  substnno.^^,  a*  stigar,  milk,  and  orcain, 
faavintr   liii;li  nutritive  value. 

Adulterations  of  Tea.— It  is  commnnly  stated  and  generally  be< 
liered  that  tea  is  extensively  adulterated  with  other  kinds  of  leaves, 
includiDg  th<ee  of  the  beech,  ^loe,  willow,  and  hawthorn ;  but  at  the 
prownt  time,  it  is  extremely  improbable  that  such  adulterants  are  ever 
mixed  with  tea  known  to  be  intended  for  export  to  this  country. 
Wliatcver  iht-  oiiniiiiiuii*  may  have  been  prior  to  the  vnnehTK-ut  of  tlie 
rational  law  governing  tea  importation,  the  fact  now  is  that  our  tea 
supply  i»  practtddly  frw-  from  this  form  of  adnltomtion.  The  detec- 
tion of  spnrious  tea  leaves  would  be  an  easy  matter,  since  the  genuine 
have  a  very  characteristic  appearand'  wliich  can  linrdly  be  conruAcd 
with  that  uf  any  uf  the  possible  substitutes;  and  even  when  broken 
into  small  bita,  the  chnraeterislie  difieremres  in  venation  and  iterration, 
and  in  the  stomata  as  well,  are   plainly  discernible. 

More  probable  forms  of  adulternlion  include  the  admixture  of 
wholly  or  pnnially  cxiijiutited  leaves,  the  nitdition  of  iistriiigent  mat- 
ters, such  as  catechu,  to  lend  color  and  apjwrent  strength  to  the  infuNon, 
tbe  prcKnoe  of  fon^gn  mim-ntl  matter,  and  the  practice  of  "  facing." 

The  presence  of  any  large  proportion  of  exhausted  leaves  can  be 
detects)  by  tbe  low  amount  of  Inlal  soluble  cxtnict  and  by  the  unnll 
amount  of  soluble  ash,  which  should  not  be  less  than  ■'i  per  cent,  of  the 
weight  nf  the  leaves.  The  presence  of  important  amounts  of  accidental 
or  added  mineral  m.ittcrs  is  shown  in  the  total  ash,  which  in  a  genuine 
•pedmen  rarely  amounts  to  7  and  never  to  S  per  cent.  The  substances 
most  often  found  are  Mind  and  soapstone  :  the  first  named  is  sometimes 
fotind  in  amounts  exceeiling  '2o  per  cent. 

C'jttcchu  is  occojiionully  applied  to  exhuiisti'd  tea  leaves  with  the  aid 
of  solutions  oS  gummy  matters,  for  the  purpose  of  adding  astringency 
and  oolor  to  the  infusion.     Teas  no  treated  have  but  little,  if  any,  of 
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the  true  aroma,  and  their  infiiaions  yield  n  tsedimcnt  in  whieh  tiw 
tielQS  of  cat«(!hii  can  be  rendilv  »ecn. 

Th«  oliject  of  *' facing"  is  to  make  the  product  njipenr  lo  be 
grealer  vahio,  and  the  jiractipe  is,  therefore.  |in)perly  speaking," 
which  eoines  within  the  definition  of  fniiidi)li'iil  iiihillvmlion.  I)ar 
or  otherwise  inferior  leaves  are  treated  wiih  Prussian  blue,  plumb 
indi^,  and  other  subi^tnaocs,  and  the  tiniall  ninotint  which  adhere)  i 
pravea  their  color  and  general  ap|)earanoe.  This  amount  is  too  sd 
lo  be  of"  any  simititry  sigiiificdnco.  'Hie  pn',*enee  of  facing  mawr 
may  be  detected  by  the  use  of  the  microscope  and  by  chemical  unaly 


COFFEE. 

Coffee  18  the  seoils  of  the  Cojm  Arniiii-'t,  driwl  and  deprived  of  1 
fleshy  covering.     The  fruit  is  a  small  pulpy  berry  containing  usii 
two  «'iil*.     The  trw^  is  *aid  u>  liave  originaltnl  in   .\bysninia,  whed 
however,  in  the  seventeenth  century  there  were  few,  if  any,  epecime 
niid  to  have  been  intr<MUi<vd  into  Arabia  in  the  fifteenth  century, 
is  now  very  extensively  grown  in  Brazil,  Java,  Peru,  Ceylon,  Wd 
Indies*,  and  other  hot  countries.     The  first  European  to  mention  it' 
Prosper  Alpinni<  of  Paihw,  who  inchuh'<)  it  in  an  aeoonnl  of  I-^^*[ 
plants,  published  in  lo!l2.     The  first  work  devoted  wholly  toi 
was  a  small  Lntin  treatise,  Hr  MiluJu-rrhiui  putumf  rak>if,hy  Fa 
Nairo,  Itome,  ItSTl.     Co9ee  was  first  sold  in  London  by  a  Le^iilC 
in  Ifi'iO,  and  some  years  afWrward  wa.^  introduced  into  France- 
first  whole  cai^  introduced  into  this  country  arrived  in  1809,1 
oofTee  honsp-s  were  licenried  in  Massaohnsetts  a.i  early  as  1715. 

The  world's  production  of  ooflTee  for  the  year  ended  June  30,  II 
has  l>een  estimated  at  almast  !«H),000  tons,'     This  country  alone  i 
suines  more  timn  the  whole  of  Europe:  in  18il7  we  oongnmnd  SlS.Ij 
tons  against  SU5,150,     The  total  consumption  by  (lerraany  was  13o 
390;  by  Kninoe,  77,310;  by  Kughind,  12,420;'and  by  Italy,  12,j 
tons. 

As  is  the  case  with  tea,  ooBTee  must  undergo  a  pmee.'ui  of 
iH'fore  it  \it  fit  for  use,  although  it  is  »iid  that  t]ic  Anibiuns  ami 
Eastern  peoples  make  a  decoction  of  the  raw  article  and  swallow  i 
grounds  us  well  as  the  liquid.     The  nmsting  is  conducted  at 
200°  C.  until  the  natural  color,  which  is  greenish,  grayish,  or  di 
changed  to  a  rich  dark  brown,     louring  the  proees*.  certain  vot 
aromatic  principles  arc  developed,  the  alkaloid  oafTeine  is  disf>ocia 
from  ilJ*  union  with  tannin,  the  nioistiin'  is  very  largely  ftXjK-Ilcd,' 
i^ugar  is  euniinetized,  gases  are  fonnc<l  (largely  carbonic  dioxide)  will 
taiise  the  berry  to  swell,  and  much  rapturing  of  the  cell  layer*  ' 
The  berry  thus  lus<?s  in  weight  and  gains  in  bulk.     The  process  : 
be  carefidly  conducted,  else  the  quality  will  not  be  what  is  desired  m 
iflhe  TviaMiiig  is  not  pushed   <ar  enonglt,  there  will  be  nn  insuf 
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ttevelupmcDt  of  aroma,  And  if  it  ie  cnrricd  too  fitr,  th«  wlutilc  matters 
are  expelled  and  (he  protliict  takes  on  an  unplea^nt  taste. 

On  apcoutit  of  the  voUtilc  niihirc  of  tlu?  iiroEnntie  prin<;ipk«  «lc- 
veloped,  coffee  should  he  poastrd  only  as  the  demands  of  conimeroe 
make  it  tii.-t!i-?>.'>iiry.  On  long  keeping,  oxiipt  in  hermi'tii-jdly  nmlcnl 
oontainers,  it  undergoes  extensive  deterioration.  For  the  sanic  reason, 
tbe  rDMt«d  l)crrie#  iiLhoiild  he  ground  only  oa  needed. 

Coffee  containii  1cS8  niflcine  (tliein)  thnn  is  found  in  ten  ;  thus,  Drag- 
•ndurff  found  ihe  amount  in  2o  .-iamplei^  to  vary  between  <>.(i4  and  2.21 
per  cent.,  whenaa  in  about  the  »»mi>  number  (23)  of  ^tumpleM  uf  tea, 
the  range  was  1.36  to  3.0!).  It  contains  conHiderable  amounts  of  iat, 
poentlly  over  12  per  ociit.,  about  tlic  »ame  ninoiint  of  nitrogenous 
mattefB,  small,  quite  unimportant  amounls  of  sugars,  gummy  matters 
Kod  other  iiiibnianei.-:*,  iiiiil  alMnit  -10  per  eent.  of  tiU^r. 

Ooffee  ts  used  in  infusion  and  as  a  decoction.  Like  tcru,  it  loses  its 
pleasant  aroma  when  boiled,  but  ilh  decoction  is  less  bitter  and  astrin- 
gent than  that  of  tea.  In  onlor  to  enjoy  both  the  frograncL-  of  an  in- 
fitsion  and  the  strength  and  body  of  a  decoction,  it  is  not  an  uncommon 
practice  to  make  lin^t  tbe  one  and  pour  it  off,  nnil  then  with  a  freifh 
portion  of  water,  to  (mil  the  grounds  for  a  few  minutes,  and  then  to 
add  the  two  li((nids  together. 

Coffee  acts  as  a  decided  stimulant  to  the  nervous  system,  enables  one 
beitrr  to  |>erform  arduous  work,  and  diminishes  the  ruinm-  of  fatigue. 
lo  small  amounts  it  increases  the  force  iind  fivqueiicy  of  the  pulse,  but 
taken  in  exw^ivo  iiuantities  it  causes  [kalpilation  and  intermi.'wioM,  be- 
aidea  general  ncr^'ousness  and  demngtmient  of  dig(^«tion.  It  has  a 
roarked  inhibitory  influence  on  gastric  digestion  and  is  more  oppressive 
lo  the  stomach  than  tea  nnil,  lionw.  must  1«-  ii.*cd  with  cnution  by  dyi^ 
peptici>.  With  .some  jKrsons  it  stimulates  pcrisl:ilsis  and  thus  acts  as  a 
gentle  cathartic.     It  incnMi»nt  the  secretions  of  tlio  skin  nud  kidneys. 

CnSec  is  very  extensively  adulterated  with  a  variety  of  substances 
of  widely  dilTervnt  nature,  including  ehioory,  dandelion,  and  otlier  root«i, 
roasted  cereals  and  legumes,  sawdust,  <late  stones,  red  shit<^',  ncurns,  and 
other  elitrap  articlu*.  It  is  not  alone  in  the  ground  form  that  it  is  fal- 
ufied,  for  even  the  beims  are  imitated  with  mixtures  of  flour  and  other 
mafrrials  moulded  to  the  correct  shape  and  carefully  roasted  and  colored. 

The  detection  of  adulterations  in  eollTO  recjuires  but  little  lime.  Of 
great  assistance  is  the  fact  tliat  coffee  contains  absolutely  uo  stnrch, 
while  mn«t  of  the  (commoner  adulterants  coulain  it  io  abundance. 
Therefore,  if  a  specimen  under  cxnmimittou  i»  boiled  and  filtered,  and 
the  filtrate  g>vc«  n  dirty  blue  reaction  with  test  solution  of  iodine,  one 
may  be  sore  that  adulteration  has  Ih-cu  praeticed.  Hut  not  all  of  the 
adulli-runts  are  starchy  in  their  nature  and,  therefore,  other  examina- 
tion is  ncccHsry.  MicroiM»pi«il  i-xannnatiou  will  detect  not  only  the 
■tarchy,  but  the  non-starchy  matters  as  well.  Under  the  microscope, 
KToand  coffee  liaa  a  character istie  apiH>nniucG  which  cannot  be  mistaken 
for  anything  else.  Chicory  and  other  roots,  ilate  stont«,  and  all  other 
bcrnca  and  aecds  have  their  own  characteristics,     For  the  mere  de- 
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termination  of  the  question  of  purity,  only  a  knowledfto  of  the  imen*] 
ecopicnl  n|ipi-iirAiice  of  Miffeo  itself  is  rcijiiiK^d,  ami  this  ia  easily  i 
quickly  acquired  by  direct  study.     For  tlic  iddutificution  of  (Ik-  hiId 
temiitn  jirc-jseiil,  one  ticci-SMtrily  must  he  fnmiliar  with  tlte  apjteamnctj 
of  all  of  the  subst!in«?ti  u«rd. 

Chicory  is  the  rout  of  the  ('ii^horium  bttifbiu,  a  perennial  herb  \_ 
ing  wild  and  ext(.-usivoly  ciiltivutvd  in  this  country  and  in  Kur 
The  mots  are  cleaned,  cut  into  pieces,  dried  in  kilnf,  roasted  in  it 
cylinders,  and  (trounil  into  a  course  powder.     LikccoffV-c,  chicory  wh 
I  roasted  cimtains  a  volatile  priuciple  and  a  bitter.     It  is  used  boUii 
nn  ndtiltcniut  and  u*  a  snliHtitutc  for  witU-e.     Mixed  with  coffiee,! 
lends  both  color  and  flavor  to  the  infusion,  and  by  many  ts  rv; 
as  a  deitirablc  addition.     It  in  itself  subject  to  adulteration  by  obu| 
roots,  such  as  uiangclwurzcl  and  dandelion. 

f!ofl<!e  and  chiiiory  behave  vt-ry  differently  when  thrown   into 
water  ;  tlic  former  tlouts  and  rctiiins  it«  lirni  ix>u»ii<tcncc,  whilv  tlic 
ter  absorbs  water  very  quickly  and  sinks  to  the  bottom  of  tlie 
and   in  it»  descent  leaves  Ktrcnks  of  color.     Coffee  wbicli   has 
roasted  too  much  will,  however,  sometimes  sink,  and  chicorj-  wfaic 
has  birn  tniiitrd  witii  fatty  suhvlauu^'H  will  flout.     Mi.vturcs  of  the  tn 
can  often  be  detected  by  the  difference  in  resistance  when  placed 
tween  the  teeth.     The  particles  of  cofTco  are  much  harder  tlian  tfao 
of  chicory,  which  yield  very  readily  to  pressure  and  aleo  ha\'«  a  sT 
ish  taste. 

Infiirior  and  damiigcd  raw  coffees  arc  not  infn'qTiently  cohtrcd 
faced  in  order  tliat  they  may  l>e  improved  in  appearance  or  be 
to  imitate  better  grades.     The   facing  agent*  used  are  mixture*  < 
taining  variable  amounts  of  ultramarine,  indigo,  clay,  gypsum, 
mate  of  lead,  and  coal  dust. 

Aocordinu;  to  G.  WirtK.'  inferior  grades  of  coffee  are  largely  treati 
at  Antwerp,  Rotterdam,  Hamburg,  Bremen  and  ehiewhere  by  wasbii 
eoloring,  and  finally  drying  by  ventrifugution  with  sawdust,  the 
being  a  fine  white  product  of  au  apjmrently  greater  value. 

Package  colTet>s  sold  under  variitus  namt?s  such  il«  "  French  Br 
fil«t  Coffee,"  "  Vienna  C-offee,"  and  "Eureka  Break  fast  Coffee," 
rarely  anything  more  tlian  roasted  and  ground  <x-real.4  and  jieas.     Iti 
to  be  said,  however,  that  thoir  character  i«  commonly  indicated  in 
directions  for  use  printed  on  the  labeU,  which  commonly  t)egtn  by  : 
visaing  the  use  of  "  a  third  more  than  you  would  use  nf  genuine  ooffce.^ 
ftCcroscupical  examination  and  the  iodine  test  will  very  quickly  ret 
their  composition , 


OOOOA. 

Cocoa,  a  corruption  of  Oicao  and  in  no  way  related  to  the 
is  derived  from  the  wed*  of  the  Thfrihronui  cacao,  a  native  of  tropii 
America.     It  is  estimated  that  the  annual   production  of  the 
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uDoonts  to  about  lfiO,000,000  pounds,  more  rliuu  a  &Mi  of  which  is 
ezpnrted  by  Ecuador  alone.  Nearly  a  fifth  of  the  anaual  crop  is  cod- 
sunii-4]  within  iIm-  United  Stiite*^. 

The  fruit  of  the  cocoa  tree  is  a  large  pod,  about  a  foot  long  and  half 
u  wide.  fiUetl  with  "heaiis,"  or  "ehwoliUf  niiw,"  about  a*  hirgc  b» 
almoods,  imbedded  in  five  rows  of  from  four  to  ten  each  in  a  pulpy 
matrix.  When  ripe,  lUvv  arc  gathcnKi  and  eolk-ct«d  into  htapa  and 
left  for  a  day  or  more  ;  they  are  then  cut  open  and  deprivetl  of  the 
•eetls,  which  arc  ulIouL-d  to  uiiilei^i  a  proeojM  of  furmi-ntation  either 
in  eartlK'n  veMeU  or  in  boles  in  the  f^ronnd.  This  pruM'ss,  which  must 
ite  very  carefully  regulated,  haR  for  ita  object  the  renioval  of  an  acrid 
bittt-r  tasto  and  consL-qui-nt  impruvcoient  in  flavor.  Simctiincs  the 
seeds  are  dried  in  the  sun  as  soon  as  removed,  but  the  product  is  then 
of  much  1(^88  ^*Idlle  ;  snmciinKvt  the  entiri;  jkkI  is  buried  until  the  pulp 
be^^mes  rotten  and  softened. 

When  ihf  temientntion  prooct^  in  completed,  the  tieodH  arc  carefully 
dried  in  tlie  sun,  and  tlien  become  hard,  brittle,  and  reddish  or  rcddish- 
browQ  in  color. 

In  the  preparatjon  of  cocoa  for  the  murlict,  the  seeds  are  first  cleaned 
and  carefully  roat^led.  As  is  the  case  with  coffee,  the  roa^tting  must 
be  carried  to  a  certain  point  to  cntfun^  the  dcvclopniciit  of  the  <lcsircd 
flavor,  and  not  so  far  beyond  as  to  impair  It.  During  this  prooeee,  the 
thin  hn^ks  of  the  8ce«l«  beotjuic  niure  dclnchnble,  ami  Utfore  the  next 
O[»eration  tbey  are  removed.  The  seeils  are  next  lightly  cruHlied  and 
frcxl  from  their  hnrdi-nt^l  g<-rni:<,  and  in  thi.'«  ri)rm  are  known  us  "  nibs." 
These  are  ground  in  a  special  form  of  mill  into  a  paste  ("  flake  cocoa") 
which  in  then  moulded  Into  cakex  and  allowed  to  h.irdcu.  In  ihia 
form  tile  product  is  known  iu»  plain  chocolate.  The  sweet  and  flavored 
rboootates  are  made  with  the  addition  of  sugar,  vaniUii  beann,  oinna^ 
mon  and  other  spices.  Inferior  vanilla  chocolate  is  niiide  with  artifl- 
cial  vanillin  and  cumarin  in  place  of  the  far  more  expensive  and  better 
flavored  vanilla  bean. 

For  the  preparation  of  pondered  cocoa,  it  is  necessary  to  remove  a 
part  of  the  oil,  which  wln^n  pn-seut  in  Uh  normal  amount  fuvont  cak- 
ing. This  removal  is  accomplished  by  hydraulic  pressure,  and  the 
|M^  h  then  pa.'iM.n]  through  sievea  of  exceedingly  line  nie»li. 

Ttie  BO-tnllcd  soluble  c«coas  arc  prcp[ir<^^l  wtth  su^r  and  starches, 
Ittrticularly  aiTowrool,  but  the  ooeoa  itself  is  not  soluble  in  water.  The 
apparrul  solubility  is  due  1o  (he  Bucntvs  of  the  powder  nnci  (o  tlic  in- 
crease in  tlie  speeitic  gravity  of  the  liquid  due  to  the  sugar  in  solution, 
both  lhe«c  oonditiouH  favoring  long  i^ui^iten.titm  without  itiHlimentution. 
Some  of  the  Dutch  soluble  cocoas  are  treated  with  alkalies  for  the  ro- 
moval  of  tJie  crude  fiber  and  fi>r  their  effect  upon  llii» eoloriufr  nialtera. 
These  cocoas  thereby  lose  part  of  their  natunit  flavor,  but  the  loss  is 
covered  jwmewhnt  by  the  addition  of  fragrant  foreign  matter. 

Cocoa  was  introduced  into  Europe  by  the  Spiinianls  after  their  in- 
vanon  of  Mexico  under  Cortex  in  1511^  It  wa.-«  not  known  in  En- 
gland until  1057,  when  it  was  fintt  eold  in  Ixindou  by  a  Frenchman. 
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Ill  thia  country,  it  vox  Brel  pn^purud  qdcI  sold  nt  Danvcrs,  Moaeacbu- 
setts,  ill  1771,  from  raw  material  brought  from  tiie  West  Iiidies  by 
tli«  fisKurim-n  nf  GlntiMster. 

Unlike  tea  aud  coffee,  which  in  themaelves  eaii  hardly  be  regarded 
as  adding  any  niitriinciit  to  the  diet,  eucou  i»  an  rxeifiUngiy  valuable 
food  which  possepses  the  advantage  of  much  nutriment  in  small  bulk, 
which  malce.H  it  [Hirticulai'ly  Huitol  to  the  necdit  of  tho^w  engaged  in 
Cxpc'litionH  removed  from  civilized  ccnient.  It  makes  a  wholesome, 
agreeable,  stimulant  beverage,  and  in  cat'-ii  in  the  form  of  cliooolale 
and  lut  au  widition  to  cukes,  puddings,  and  other  compounds.  The 
cocoa  nibs  and  plain  chocolate  contain  almut  ^0  per  cent,  of  a  wbJIisb 
solid  fat  of  agrccabb'  tn^te  and  smell,  commonly  known  us  cocoa  butter. 

It  contuiuB  variable  auionntji  of  tlie  alkaloid  Uieobromine  (dimetiiyl- 
zantliinc),  which  is  very  closely  relatcil  to  cufTcinc  and  thcinc  (trimcthyl- 
xanthine)  and  hits  nearly  tlie  same  |>hyi<iological  action,  though  mme- 
what  lesji  tilimulaut  and  ratlier  more  diuretic.  The  ttinount  is  luiid  to 
average  about  1  .oO  per  cent.  It  is  rich  in  nitrogennus  matter,  con- 
tains over  10  per  omit,  of  n  »Inrcb  with  small  mund  gnniiili,^,  ant) 
about  11.50  per  cent,  of  ash  whicb  is  largely  phosphate  of  potBHsium. 

Sixteen  analy.se.-i  of  the  kernels,  compiled  by  Konig,  give  the  follow- 
ing averages  : 

Wnlcr. _ „.„.^ _ 3.DS 

ProicitU » _ 18.4> 

F«l. ™ _...  49.32 

surcfa -  ia.a( 

ExusctiTca. » _ 13  IB 

Fiber „...    3.M 

Aab 8.43 

100.00 

The  husks,  commonly  known  aa  "  ijbelU,"  are  used  in  the  prepara- 
tion of  a  cheap  and  wholesome  beverage.  Tliev  contain  but  little  fat, 
but  are  about  equal  in  nitrogenous  matter,  and  contain  over  40  per 
cent,  of  Dilrogen-free  extractives. 

Coooa  and  chooolate  are  subject  to  extensive  adulteration  with  sub- 
stances having  much  leas  commercial  value,  ibougb  ijcrbups  equally 
nutritious.  Among  those  usc<i  are  starches  of  various  Kinds,  as  wheat, 
rye,  jxiuto,  arrowroot  and  rice,  sugar,  vegetable  oiU,  mutton  tallow 
and  other  fate,  Venetian  red,  clay  and  brick  dust.  Various  flavor- 
ings are  employed,  such  as  vanillin,  ooumarin,  clove,  mace,  cardamom 
and  nutmeg ;  but  unless  these  arc  used  under  the  name  of  vanilbi  or  of 
otber  flavorings  than  themselvee,  they  cannot  be  regarded  aa  adul- 
terations. 


Fermented  Alcoholic  Beverages. 

BfiER. 

Beer  is  (be  generic  term  which  includes  all  fermented  drinks  made 
ftoni  [null,  tliuA  ooveriug  lager  beer,  ale,  porter,  and  stout.     ^Vs  com- 


monl/  understood,  beer  is  an  inru»ion  of  mitltod  barley,  fUvorwl  with 
hops  and  fermented  with  yca«l ;  but  on  account  ol"  the  fact  that  whole- 
some 3utK)tituta4  for  mall  mid  liopti  nmy  tx!  i-m|ilnviM]  in  its  riiiinufuotura, 
it  is  mleo  defined  ua  n  "  fcrmeutcti  siLecliarine  infiLsiun  to  which  sonio 
whole«H>nie  bitt«r  haa  been  added."  In  tbii*  (country,  the  term  beer  i^ 
commonly  restricted  to  the  protbict  generally  known  as  Inf^r  beer. 
Porter  is  a  beer  with  a  high  percentiige  of  aloohul  and  made  from  mult 
dried  nt  a  hif^i  tempcmture.  Stout  oontniuM  le»»  nieuhul  and  bops, 
bat  more  molt  extract.  Ale  is  a  pale  l>eer  containiDg  more  bop  ex- 
tnct  and  lem  malt  extract  tlian  |iort«r  or  stotit,  and  brewed  by  "  top 
fumentalioD." 

Beer  wa.t  made  by  the  Egypt4an.4  many  centurieH  l>efore  the  Ohris- 
liaa  en.  It  is  related  that  for  public  rctisons  the  suppression  of  beer- 
Aopa  was  attempted  by  their  government  more  than  forty  nt-nturie« 
■go.  The  art  of  brewing;  wns  tuught  by  them  to  the  imcient  Greeks 
and  Bomaiia ;  thus,  beer  waa  a  common  drink  in  Greece  prior  to  700 
B.  C,  aod  one  of  tlie  prineipnl  beventf^'s  of  the  soldient  of  Cmtr, 
In  the  time  of  TacitUB,  it  was  in  commoo  use  in  Germany;  and  Pliny 
ti|M^kit  of  im  une  ill  Spain.  The  anclont  Britontt  nt  tln^  time  of  the 
Roman  conc|Uo8t  made  it  from  barley.  At  the  time  of  the  Norman 
conquest,  the  words  licer  and  ale  meant  in  England  tlie  .'tame  thing,  a 
drink  ma<le  of  malt  without  hops.  I^nter,  the  word  beer  fell  into 
disase,  but  in  the  fifteenth  and  sixteenth  ceuturies,  after  the  introduc- 
tion by  the  Flemish  of  bwr  mmic  with  hops,  the  term  wna  revived  nnd 
then  meaut  hopped  ale.  The  use  of  hops  was  forbidden  in  1 5;tU  by 
Httnry  VI 1 1.,  who  regnrded  them  as  an  adulteration,  and  in  the  firxt  year 
of  the  reign  of  Kichard  III.  the  authoritiem  of  London  laid  a  line  of 
8«  fid  ou  every  barrel  of  beer  containing  them.  Later  tliix  was  re> 
duoed  one-half. 

The  prejudice  against  the  use  of  hops  in  brewing  is  voiced  by  one  of 
the  earliest  English  writers  on  dietetics,  Andrew  Boorde,'  who  says, 
"  Ale  is  made  of  malte  and  water ;  and  they  the  which  do  put  any 
other  thynjfe  to  ale  than  is  rchorsed,  tixeept  yej*t,  barrne,  or  go<i<»good, 
dutb  Bofysticat  theyr  ale.  Ale  for  an  Englysshc  man  is  a  natural 
dfA'uke.  Ale  must  baue  thti.^ct  propcrtyc^:  it  muitt  U'  frcitidie  aod 
cleore,  it  muste  not  be  ropy  nor  smoky,  nor  it  must  hauo  no  weft  nor 
tayle.  Ale  shuld  not  be  drunk  under  t.  dayes  olde.  Newe  ale  is 
vnholsome  for  all  men.  And  sowre  ale,  and  deadc  ale  the  which  doth 
stande  a  tylt,  is  good  for  no  man.  Marley  malte  maketh  lictlcr  ale 
than  oten  malic  or  any  other  cornc  doth  :  it  doth  cngcndrc  groso  hu- 
moures ;  but  yette  it  maketh  a  man  stronge.  Here  is  made  of  malte, 
of  hopiiCfi,  ami  water:  it  is  the  natundl  drynk  for  n  Dniche  man. 
And  iion-c  of  late  dayes  it  is  moche  vsed  in  l^uglnnde  to  the  dctrvmeut 
of  many  Kngly.Nfhe  men ;  upecyally  it  kylhilh  them  the  wliii'h  be 
troubled  with  the  colycke,  and  the  stone,  &.  the  stningulion  ;  for  the 
drynke  is  a  colde  drynke ;  yet  it  doth  make  a  man  fat,  and  doth  inflate 

I A  OomptDilyoun  ReKymsnt,  or  A  DyoUvr)'  of  ITitltli,  nuuln  in  Moantpylier,  con- 
pjlcd  br  Aadrewe  Boom  of  rhyiiyditf  Uuclour,  London,  1&42. 
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the  bely,  as  it  doth  appere  by  the  Dutcho  mens  faces  &  bclyc*.     If  1 
Item  \}K  well  iwriicd,  and  be  tytied,  &  not  newe,  it  doth  c^uaK'fy  the  1 
of  the  lyupr." 

The  ancient  Germans  made  beer  from  all  kinds  of  gratus,  and: 
flavonni;  used  ouk  biirk,  wigc,  »nd  Kaive.*  nf  the  laiinil,  iwh,  and 
risk.     Hops  were  used  more  or  less  from  the  ninth  century  and  < 
.into  ^iierul  use  in  the  elcv«ntli. 

Beer  being  the  common  drink  of  moet  European  peoples  before  I 
e8tAbli«hnii-jit  of  ri)ioi)iej>  in  America,  it  foUowM  uaturally  that 
«arly  settlors  of  this  country  broiiKlit  the  art  of  brewing  with  the 
In  1629,  the  cultivation  of  hops  was  already  carried  on  in  New 
etrnlam,  and  hop  root«  were  sent  for  from  Kngland  by  the  autborili 
of  Massachiiselis.  In  nearly  all  thecxtlonics,  the  brewing  of  beer  1 
TVgardi?<l  u»  quite  tw  f«8entlal  an  accompliichment  of  women  as 
ability  to  make  good  bread. 

Tlie  lintt  law  Kgulating  the  Bale  of  alooholio  beverages  in 
diu8i^t«  was  made  in  1633  ;  it  prescribed  ttint  no  person  should  : 
wine  or  spirits  witliout  a  permit,  but  made  no  reference  to  beer, 
the  followinj;  V'^i'i  it  ^'■l"  onh-red  itial  no  one  itlioiild  charge  more 
a  penny  for  a  quart  of  beer,  nnd  in  IG.'iT,  that  no  inn-keeper  or 
lualler  should  st>ll  any  intoxicating  drink  but  beer ;  and  this  they 
prohibited  from  brewing  thvnuclves,  but  mu«t  obtain  from  a  Ik 
brewer.  In  the  following  year,  owing  to  the  fact  that  the  only  one  I 
this  class  was  unable  lo  meet  ihir  dciimn<l,  tiiey  were  allowed  to 
duct  tlio  process  tlH-mM-lves.  In  164H,  it  was  further  ordered 
every  inn-keeper  ant)  victualler  should  always  keep  on  iuind  u  su[ 
of  good  wholesome  b«cr.  In  1651,  the  court  undertook  to  stimti 
the  production  of  a  hotter  grade  of  beer  in  tlie  belief  (hat  thereby 
growing  tendency  to  the  nw  of  wine  niul  spirits  and  the  incr 
habit  of  drimkenii'-;<s  woidd  be  chcckctl,  and  permission  was  grant 
charge  one,  two,  and  three  pence  per  quart,  according  to  the  ama 
of  inalt  iwed  p«r  barrel. 

A  duty  of  a  shilling  per  bushel  of  imported  malt  im]>t>»<'d  in  1( 
called  forth  a  protoit  from  Boston  men-liuiiti<  on  account  of  the 
great  imiK>rIaniv  of  bei'r  as  a  beverage  of  the  }x«ple.     In  Ihc  foUof 
}-ear,  in  order  to  promote  home  pn^uction  of  malt,  importation 
prohibited,  but  this  order  was  repealed  in  1660.     In  1667,  tlie  UMJ 
molaans  as  an  adtdlerant  of  beer  was  punishabU-  by  a  fine  of 
poamla.      Similar  laws  relating  lo  beer  were  ims<icd  from  time  to 
by  the  nutltorilies  of  nil  ll»'  oHeinal  (vlonies. 
'ProosM  of  KuiuftkOtare  of  Beer. — The  first  step  in  the  bren 
of  beer  is  the  prejiaration  of  the  malt.     The  barley  is  first  steef 
water  for  several  tlays  and  »«  then  removed  ami  arranged  in 
which,  after  a  time,  an?  isprcjKl  out  and  lunied  repcaleiily  until  i 
naiioo         plwl^'^•^l^^i  to  the  ret|ntsile  extent     It  is  next  dried  in 
at  ■  "bw  or  al>om  90°  P.,  and  tJicn  is  heated  furthe 

fr  aeooriling  to  ti>e  color  desired.     This 

Btely  checks  germination,  and  determines 


SUBSTITUTES  FOR  BAnLEY  MALT. 

comtnorcia]  citnniirter  of  the  product.  The  sICGping  of  tlic-  niiilt  is  lirst 
done  ia  water  C4)Dta!ning  coDsidcrsble  of  the  mineral  Halts  that  eaii-ie 
barda^H»  ;  a  soft  water  cxerl»  loti  nuicii  sulvfiit  iictioii  on  llie  proti-iil 
msltvre,  which,  eoon  after  exlraction,  are  quile  Ukelv  to  iindergo 
dAoompositton.  During;  llie  jirngrci^.s  of  g<Tmin»(toii,  tJii;  ferrm^iit 
diastafC  is  developed  and  proceed!)  to  convert  the  etarch  into  dextrin 
and  maltose. 

After  ihf  pTins  and  rootlets  have  been  removed  by  proper  screen- 
ing and  sifiiug,  the  malt  is  crushed,  and  then  an  iot'tiKion,  the  "  wort," 
M  RUidc  will)  wnter  nt  about  160°  F.  This  ie  drawn  ulf  from  the  ex- 
lwtt6t«d  oialt  and  then  Iwiled  for  an  hour  or  two  with  hops,  which,  be- 
rides  giving  a  dianicteri^tic  bitter  flavor,  ne^st  in  clariliejilion  by  the 
aettOD  of  their  eonlaine^l  tannin  on  some  of  the  proteid  matters.  The 
boiled  bitter  wort  in  next  nipidly  moled,  run  into  vnts,  mixed  with 
yeast  aixl  allowed  to  ferment  for  several  days,  during  which  time  alco- 
iutl  and  carbonic  acid  are  formed  from  the  maltose.  The  nature  of  the 
product  if  very  hirp-ly  influenced  by  the  purity  of  the  ycuft  and  by  the 
method  of  fermentation  followed.  Top  fermentation  is  carried  on  rapidly 
Olid  at  a  or.mparalively  high  tempera  tun.',  the  yeasi  f^rcwinp  at  the  pur- 
faee  ;  in  bottom,  or  sedimentary,  fermentation,  the  yui-t  i;ni\va  at  the 
bottom,  the  process*  i»  slower,  and  ii*  curried  on  at  a  lnvsir  i<-i]i;ii'i-.-itiire. 

The  chief  advantage  of  the  employment  of  yeast  whiiii  ^'n«  -  Ji  a 
low  temjkemture  i?  that  other  j»erha|is  unde.->imldc  gmwtlin  may  be  un- 
able to  procce<l.  Whatever  the  process  of  fcrmenliition  Mtoweil,  not 
all  the  sugar  should  be  allowed  to  be  converleil,  for  then  the  flavor 
would  \k  not  what  it  should  and  the  keeping  quulitiers  would  be  im- 
paired. On  the  completion  of  fermentation,  the  Ireer  is  separated  from 
ibc  yc«.tt  and  inm(>f(-rri:d  t')  vnl»  where  it  iif  clarified.  A»  clarifying 
RgvntJt,  a  variety  of  materials  are  used,  the  chief  of  which  are  chips  or 
•havings  of  cc^rtain  wood^,  ili  hawl  nr  bl^ecil,  which  attract  and  hold 
the  particles  which  cause  turbidity.  These  materials  affect  in  no  way 
tbe  taste  of  the  lieer.     Other  snl>:ilanc<-9  uwd  include  gelatin,  isiuglass, 

t-tetd,  and  t^rnigeen.  After  elarificution  is  iiC(7omplii>hed,  the 
laet  ia  stored  for  a  tiuiii  in  storage  casks,  where  it  undergoes  a 
further  slow  fcnnenlation  at  0  low  tom{)cruturc,  after  which  it  ii*  ready 
for  use. 

Snbstitates  for  Barley  Malt. — While  Imrley  is  universally  rccog- 
■ized  as  the  grain  t>est  suited  to  the  brewing  of  wholemme  beer,  any 

her  oercid  ciiu  be  iincti.  .Sometimes,  immidted  grains  are  added  to 
the  malt  before  the  infusion  is  made,  for  the  diastaite  of  the  malt  is 
oapable  of  converting  not  only  the  starch  with  which  it  is  naturally 
associated,  but  a  largo  amount  of  other  Htarches,  and  so,  rice,  cum, 
and  other  cereals  may  be  employed.  Glucose  and  cane-sugar  are  some- 
what iw«i,  but  the  product  is  dcciilcdly  inferior  in  <piality,  since  these 
sabslaoces  are  tacking  in  some  of  the  elements,  as  protcids  and  min- 
eral matten,  which  contribute  to  the  dcsimble  chnmctcr  of  the  best 
beers. 

GiDcerDiog  the  am  of  gliiuoHc,  which  adds  strength  to  the  wort,  there 
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'  can  be  no  objeeciou  on  the  score  of  bdag  in  any  way  deleterious  to 
health.     The  pojxilur  belief  id  tlie  imwholcMincncs^  of  gtiioo«i>  aade 
from  corn  starch  led  the  Treasury  Department,  in  1882,  to  re<)ae8t  an 
ioTeetigation  of  the  subject  by  the    National   Aeadciny  of  Science. 
This  was  oouductcd  by  a  committee  of  eminent  eetentists,  inclmiing 
Professors  Gibbs  of   Harvard,    llrewer  of   Yale,   Reiiit»en    of  .lohm 
Hopkins,  Barker  of  Ponusylvania,  and  Chandler  of  Columbia,  wlio*e 
cuni'lti^iiinH  were  that  the  prooeews  employed  in  the  manufaeture  bk 
unobjeetionnble,  that  the  product  is  of  exn-ptiimnl  pitnty  and  iu  cm 
way  infprior  iu  health fuliiesa  to  cane  sugar,  and  that  there  was  do  ei,i- 
denoe  adduced  to  show  that  even  when  taken  in  Inr^re  quaiitilia*,  either 
iu  US  natural  oondition  or  fermented,  it  has  any  injurioiifi  e0ect6  upon 
the  svi^lcm. 

Substitutes  for  Hops. — Various  substances  have  from  time  to  tint 
been  re|K>rli.sl  us  being  used  in  ])]nec  of  liop^  to  ^ive  bittemesa  to  Imr. 
The^  include  nearly  everything  having  a  bitter  tjistc,  such  as  strj  " 
nine,  chinita,  eHlumba,  coeonlu«  iiidiciiA,  aloes,  and  picric  acid, 
cuius  indicUB  was  mentioned  in  Holland  us  early  us  1 1>20  us  an 
tcrant.  Tlii.'*  and  its  active  principle  picmtoxiiie,  and  picric  acid  b 
been  occasionally  employe*l  in  Kngluml  and  clKcwhere,  but  at 
prcwnt  time,  it  is  safe  to  say,  none  of  these  substances  are  used. 
47B  samples  of  Ix-cr  examined  for  the  Sffltc  Hoard  <if  Hawltli  of  " 
York  in  ISSA,  not  one  was  found  to  contain  any  hop  substitutes 
ever. 

Ko  objections  can  be  alleged  against  such  n*hules<iine  hitters 
quftS:<in,  gentian,  oalumba,  and  chirnla.     Kvideuce  tliat  tliey  are 
employed  is  exceedingly  slight.     As  a  matter  of  fact,  there  is  no  ( 
foot4>ry  aiiK^tiliite  fiir  hop:*,  which  gj\'e  not  atone  bitterness,  but 
flavors  and  a  peculiar  aroma  due  to  the  peculiar  rcstitous  matter  i 
they  contain.     In  the  sixteenth    and  aeventeenth   centuries,  \t 
other  flavoring*  wTrc  umhI,  sncb  an  »ngv,  coriander,  laurel  loaves, 
per,  grains  of  Paradise,  orris,  and  essential  oils. 

Fbjaical  Properties  and  Chemical  Composition  of  Beer. — I 
should   be  perlectlv  clear  and   bright.     The  prc^enec  of  any  tur 
dciiote^  either  im|)erfeel   brewing  or  the  o<HMirrenoe  of  undcAiT 
decomposition   processes.     The    latter  arc  generally  accompiuiinl 
di.'<agreeable  odont.     The  ta.<)le  should  l>e  pleasantly  bilterand  inclii 
to  sweetness  rather  than  to  nci<lity.     There  should  Ix;  a   suf 
amount  of  carbonic  acid  to  make  a  pleasant  impression  in  the  n»u 
wich  as  is  not  produecd  by  flat  \hkt.     The  s(Hwifio  gravity  rnt^fs  f 
about   I.OOo  to   l,02.i,  averaging  below  1,020.     In  bock  beer,  wfe 
ta  a  spceini  brew  containing  a  eousiderable  increase  in  inalt  cxtrac4ii 
the  specific  gravity  is  notably  higher,  running  as  high  as  1.039 
averaging  ovi-r  1.021. 

The  most  important  coniititueiitsof  beer  arv  theextract  and  alcoh 
The  extraut  includes  all  of  the  non-volatile  matters  in  solution, : 
consists  of  proleid  matters,  ilcxtrin,  sugar,  hop  n^^in,  and  other  SO 
stances  left  as  a  residue  on  full  evaporation.     The  amonat  is  qti 
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varinl)1« ;  it  is  liigltnt  in  porter,  stout,  and  bock  bcor,  nnd  lownt  in 
the  liglit-colorwl  lagor  Ijcervt.  In  tlic  fonner,  it  avcmges  about  7,50, 
lod  in  tlic  latter,  about  .'>.5(i  per  cent.  Twpnty-eiglit  s[iprimcn«  of 
Americau  lieerA,  alct),  ami  |>ortcr  colle«lc<l  in  Wiisliingtim  and  analyzed 
by  Mr.  C  A.  Crnmplon  '  arrragcd  5.33  por  cent 

The  average  extract  of  182  analywA  of  !*pecimenji  of  beere  of  th« 
ligblcr  kinds,  ompiled  by  Kdnij;,  is  stated  at  5.49  (range,  1.98-9.2.3) ; 
of  21 1  lager  I)ccr9  of  all  kinds,  at  5.78  ;  of  60  export  beerg,  iit  (i.48  ; 
and  of  .36  iwHrk  twcre,  at  7.20. 

Tbe  amount  of  alcohol  is  also  <)uite  variable.  The  iipeoinien.t  nx- 
aiaiitcd  by  Crnniplon  uvcnigrd  4.6-3  per  c^-nt.  I>y  wcifjhl  luul  5.79  by 
volnme.  The  light  beers  above  mentioned  (Konig)  averaged  .3.46  per 
cent,  by  weight;  the  second  group,  .3.95  ;  the  third,  4.31  ;  and  the 
fouilh,'4.74. 

AduIteratloD  of  Beer. — Beer  is  oonimonly  suppotied  to  be  ez(en> 
•ively  adulteniird,  and  the  KubEtances  alleged  to  bo  in  common  use 
make  up  a  IJRt  remarkable  for  length  ami  variety,  inoUiding  ituch  ])oi- 
MonotiH  ilnigs  as  opium,  belladonna,  henbiinc,  nnd  strychnine,  many  of 
the  aromatics  and  aromstio  bittern,  corro.'uve  acida,  drastic  cathartics, 
■nd  many  otlier  subatanocs.  The  actual  adulteration  of  beer  is,  how- 
ever, practically  restricted  to  the  nse  of  preservatives,  such  as  sodium 
fluoride  aod  »«lirylic  ncid,  of  mwlium  bicjirl innate  to  correct  ariiiily  and 
to  increase  the  "bead,"  aud  of  salt  to  correct  bad  taste  and  to  inspire 
thint  for  more. 

The  ueo  of  preser%'ative8  is  the  only  form  of  adulteration  which  is  of 
any  pnit-tira)  hygienic.  im]Hirtaiioe,  and  In  several  countries  is  punish- 
able  by  heavy  |K'naltie».  In  Germany,  prcstTvativcs  arc  very  strictly 
intenlioted,  except  in  beer  intended  for  export :  and  tbe  permission  ex- 
tended is  so  freely  acoeplwl  that  it  is  riirc  to  fnid  in  this  cuiintry  a 
specimen  of  German  bottled  beer  which  docs  not  contain  a  liberal  dose 
of  aalicylie  iicifl.  Many  of  our  Ameriwm  brewers  um-  thi»  agent  with 
a  liberal  hand,  under  the  benevolent  plea  that  it  is  a  prophylnctio 
■gainitt  rttenmati^m.  Ky  the  Miimc  pn>oct>9  of  ri-iisoning,  oni>  might  just 
as  well  contend  that  opium  in  food  and  drink  would  prevent  pain, and 
biniodide  of  mercury  Keep  the  system  free  from  syphilitic  iufectioa. 


Analysia  of  Beer. 

Tn  the  analysis  of  beer,  the  most  important  items  are  tbe  determina- 
Uon  of  the  [>crcenl«gi.'  of  alcohul  am!  of  cxtraol,  and  the  deteiilion  of 
preservatives. 

DetQimiuatioQ  of  Alcohol. — For  tlic  determination  nf  the  percent- 
age  of  alcohol,  a  §uf&ciently  large  portion  of  beer  should  be  well  shuken 
in  a  ca[Ukeious  fbt-'k  until  the  ejirlionic  arid  is  expelled,  and  then  a 
mettsurul  volume  should  be  subjected  either  to  distillution  or  to  jHtrtial 
eva|K)ration  in  an  open  vos^l. 

'U.  &  Dppaniaent  of  Agriculture,  DlTi«lon  of  (TUgmiHtrr,  Bulletin  13,  p.  SS2, 
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(o)  DeteTmination  by  DistUUtion. — Introduce  into  a  88Bk  connected 
willi  II  LK'liij;'!*  cDiiiiriiWP  100  cc.  "f  tJie  weil-^'liiild-ii  hwr  at  (10°  K., 
and  dUtill  iutu  nnotber  flask  conneclpd  nttb  t)i<.'  discharping  end  of  the 
condenser  by  means  of  a  bent  g\sif%  tube.  Carry  the  dmtillalion  until 
eomowliat  more  than  50  cc.  of  ilistitlst^  havo  been  collected,  when  all 
of  the  oontained  alcohol  will  Inive  been  expelled  and  condensed.  Add 
suflicicnt  water  to  the  distillate  to  mukc  100  cc,  at  60°  F.,  dctenninc 
its  specitic  gravity  by  meanH  of  a  piooometer  or  Weetpbal  balance  (a 
spvciiic  gravity  itpindle  is  not  suflicicntly  iiccuratc),  and  ascertain  from 
this  by  reference  to  the  appended  table  the  percentage  of  aloobol  by 
m-ciglu  or  voliimc. 

(&)  Detarmination  hj  Open  ETaporation. — This  method  involves  less 
miinipulation  uiid  giv<»  cijiially  atK^uratt;  resulUi.  The  sjtccilic  gravity 
of  the  beer  is  first  determined  in  tho  manner  above  mentioned.  Then 
place  100  m.  at  RO"  F.  in  a  glass  or  [wrcelain  evaporating  dish,  and 
by  the  application  of  hciit  ilrive  oil'  rather  more  than  half  the  amount. 
Itemove,  eool,  nuikc  np  with  water  to  the  original  volume  at  tho  orig- 
inal tempcniliirr,  and  tiguin  dctvnninc  the  specific  gruvity.  Divide 
the  original  gravity  by  the  latter,  and  the  result  equals  that  of  the 
alcohol  wliich  liiw  Ixjcn  expcUiil.  licfvr  lo  the  table  and  obtnin  tJiere- 
^m  the  percentage  of  oloobol  in  the  original  beer. 

Thi'  folliiwiiig  tabic  by  Mr.  fMgar  liicliards  is  the  one  used  by  the 
Aseociatiou  of  Official  Agricultural  Cbcmiets.' 
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{lUeiileulta<d  ffim  th<  ddr.raiiHatim\t  of'  Qilfiin,  DnahaaUr,  and  SguiU, 
by  Edgar  RiehnrtU.) 
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.60 

.15 

702 

.65 

.20 

692 

.70 

.24 

683 

.75 

.29 

679 

.80 

.34 

664 

.85 

.38 

65B 

.90 

.43 

646 

.95 

.47 

Detennination  of  Extract. — The  extract  may  be  determined  di- 
rectly or,  witli  tlie  aid  of  a  table,  from  the  specific  gravity  of  the  de- 
ftlcobolized  beer.  The  direct  method  is  the  more  accurate  and  is 
carried  out  as  follouvs  :  Into  an  accurately  weighed  platinum  dish,  such 
as  is  used  in  the  analysis  of  milk,  weigh  5  grams  of  beer ;  eA'aporate  to 
complete  dryness,  and  multiply  the  weight  of  the  residue  by  20. 

Approximately  accurate  results  are  obtained  by  reference  to  the  fol- 
lowing table  after  Scbultze-Ostermann. 


BEEB   EXTRACT  TABLE. 


Speciflc 

0 

1 

I 

3 

4 

B 

■ 

7 

« 

• 

Bniitj. 

1.011 

2.87 

3.90 

2.92 

2.95 

2.97 

3.00 

3.03 

3.06 

3.08 

3.11 

2 

3.13 

3.16 

3.18 

3.21 

a24 

3.36 

3.29 

3.31 

3.34 

3.37 

3 

3.39 

3.42 

3.44 

3.47 

3.49 

3.52 

3.55 

3.57 

3.60 

3.62 

4 

3.65 

3.67 

3.70 

3.73 

3.75 

3.78 

3.80 

3.83 

3.86 

3.88 

6 

3.91 

3.93 

3.96 

3.98 

4.01 

4.04 

4.06 

4.09 

4.11 

4.14 

6 

4.16 

4.19 

4.21 

4.24 

4.27 

4.29 

4.32 

4.34 

4.37 

4.39 

7 

4.42 

4.44 

4.47 

4.60 

4.52 

4.55 

4.57 

4.60 

4.62 

4.66 

8 

4.67 

4.70 

4.73 

476 

4.78 

4.80 

4.83 

4.86 

4.38 

4.90 

9 

4.93 

4.96 

4.98 

5.01 

5.03 

5.06 

5.08 

5.11 

6.13 

6.16 

1.020 

5.19 

5.21 

5.24 

5.26 

5.29 

5.31 

6.34 

5. 36 

6.39 

6.41 

1 

5.44 

5.47 

5.49 

5.62 

5.54 

5.57 

5.59 

5.62 

6.64 

5.67 

2 

5.09 

5.72 

5.74 

5.77 

5.80 

5.82 

5.85 

5.87 

5.90 

6.92 

3 

5.95 

6.97 

6.00 

6.02 

6.06 

6.08 

6.10 

6.13 

6.15 

6.18 

4 

6.20 

6.23 

6.25 

6.28 

6.30 

6.33 

6.35 

6.38 

6.40 

6.43 

5 

6.45 

6.48 

6.50 

6.53 

6.. 55 

6.58 

6.61 

6.63 

6.66 

6.68 

6 

6.71 

6.73 

6.76 

6.78 

G.81 

6.83 

6.86 

6.SS 

6.91 

6.93 

7 

6.96 

6.98 

7,01 

7.03 

7.06 

7,08 

7.11 

7.13 

7.16 

7.18 

8 

7.21 

7.24 

7.26 

7.29 

7.31 

7.34 

7.36 

7.39 

7.41 

7.44 

9 

7.46 

7.49 

7.51 

7.54 

7.56 

7.59 

7.61 

7.64 

7.66 

7.69 

1.030 

7.71 

7.74 

7.76 

7.79 

7.81 

7.84 

7.86 

7.89 

7.91 

7.94 

1 

7.99 

8.01 

8.04 

8,06 

8.09 

8.11 

8.14 

8.16 

8.19 

8.21 

DETECTION  OF  PRESERVATIVKS. 

The  figiiiiTs  nt  tbe  head  of  tbc  Bcvcrnl  ooltintna  rcprceoDt  the  foiinh 
decimal  jilave  of  tltc  ttpecilio  gravity.  Kxnmple:  .S|>('dlio  gravity, 
1.0187  ;  rbfemnj;  to  1.U18  Id  the  Ii'n-Imnd  culumu  anil  ruoning  nut 
to  the  cohimn  headed  by  the  ligure  7,  we  find  -I.K5  an  the  {x^rcetitage 
©r  r-iinici  fur  lluit  gmvity. 

Detection  of  PrBservatives. — The  principal  preet-rvative  used  in 
beer  is  salioylic  Hfid  ;  next  in  imiHjrlaiKv  is  lltioride  of  sodium  which, 
however.  13  not  u&ed  to  any  considerable  extent  as  yet  in  thiA  countrv. 

Salicylic  Acid. — The  urvliniiry  inethixl  of  ejctnicliiig  by  iiii.'uiis  of 
rtlicr  and  testing  the  residue  left  on  evaporation  of  the  latter  with 
ferric  chloride  eannot  l»>  iwed  in  tlie  pxaminution  of  beer,  »incc  kiln- 
dried  malt  contains  a  principle  which  gives  tlio  same  violet  reaction 
aa  salicylic  acid.  The  followitig  methods  are,  however,  reliable  and 
ntUfiietor}'. 

1.  Joriasen's  method.  Add  to  a  sample  of  the  litjuid  a  few  dro|Hi 
«f  a  10-|>cr-«ent.  solution  of  [M>tuHsiiim  nitrite,  1111  eqiinl  unionnt  of 
acetic  acid,  and  a  drop  of  a  10-per-ocnt.  solution  of  copper  sulphate. 
If  salieii'ltc  add  is  pri-Mcnt,  u  bl<Mjd-ri'iI  rolonttion  iippeiir^.  Thii<  re- 
action dot«  not  occur  with  the  principle  which  is  developed  in  kiln- 
dried  malt. 

2.  Bpica's  method.  Aeidify  100  cc.  with  sulphuric  acid,  extract 
with  ether,  allow  the  sejiarated  ether  to  eva(>orate  s|Kintaneoualy,  and 
warm  iIk-  ni*idiir  gently  with  a  drop  of  Htniiig  nitric  acid  whereby,  if 
aalicyltc  acid  is  present,  picric  acid  is  formed.  The  addition  of  a  few 
drops  of  ammonia  or  of  ^dium  hydroxide  produc!i.>A  the  iMirR^itonding 
[Ncratr  wtlli  it«  bright  yellow  color,  which  caa  be  imparted  to  a  woolen 
thread  immersed  in  the  li<iuid. 

FIooridM.— ^Se^'cral  methods  are  recommended  and  among  them  the 
following  : 

Hetbod  of  Hefelmaon  suid  Maaa. — Expel  the  oirlx^nic  acid  from  500 
oc.  of  beer  and  then  add  I  vc.  of  a  floUilion  containing  5  percent,  each 
of  calcium  and  barium  cliloHiici^,  and  follow  it  with  OJt  tw.  of  SO-iwiv 
oent.  acetic  acid  and  oO  cc.  of  llU-per-cent,  alcohol,  l^t  stand  Hi 
hours  and  Rlter.  Dry  llie  filtor  and  |)reei])itnte  (M>lk'eted  thereon  with- 
out washing,  and  transfer  to  a  platinum  cnicible.  Add  strong  sul- 
pliuric  acid  and  cover  the  erticibie  with  a  waxed  watch  glasn  with  .lome 
Udcm  scratchwl  through  the  wax  coating,  then  lictit  at  100°  C.  for  two 
houraand  observe  the  effect  on  the  exjxjsed  glass.  Tiiis  method  is  said 
to  be  of  Mlftiiiciit  delicacy  to  detect  the  presence  of  7  milUgrumit  in  a  liter. 

Bnitd'B  Hetliod. — ^To  100  cc.  of  beer  made  slightly  alkaline  with 
ammonium  i^rt>onatc  and  heiite<l,  ad<l  2  or  1}  oc.  of  a  1 0-per-cent.  ao- 
lutioD  of  calcium  chloride.  Boil  for  a  few  minutes,  filter,  and  dry  tlie 
filter  and  contenl.-*.  Then  prwreeil  a-«  in  the  metliod  ju.it  described. 
In  either  proot^ss  it  is  best  to  plaoc  a  lump  of  ice  in  tlic  concavity  of 
tbc  watch  glaas  to  keep  the  latter  oool ;  the  water  ronst  be  removed 
from  time  to  time  by  means  of  a  pipette  so  that  it  shall  not  overflow. 

Other  DetermiitatioiLS. — Of  minor  interest  are  the  determioations 
of  acidity  and  ash. 


Total  Acidity. — ^To  10  oc.  of  liew  frooci  from  carbotiic  ncM  bys; 
in;;,  itild  n  f<.'W  <]r()]»«  of  ni-iKml  litmus  Holiition,  and  th«n  ac]<l  ileciiiar- 
mal  sodium  hvdn>si<ie  until  the  pnd  reaciion  is  nbsf'rvpd.  Kxpix^ss  the 
riMultMin  piiri.t'^f  iiM-ticorid.  Onccc.  of  dmnormul  tiodium  hydroxide 
Boliiticn  equals  O.OUfJ  gram  of  acetic  acid. 

Fixed  and  VoIftUl«  Acidity. — Conccntrntc  10  cc.  of  beer  to  n  third 
of  its  bulk  by  evaporation,  add  water  up  lo  the  original  volume,  and 
pnxMjed  iw  Ix-fore.  TlirdilVcivncc  is  due  lo  tin-  uwiir  noid  which  lins 
been  driven  off.  Tlic  fixed  acidity  is  due  chiefly  to  lactic  acid,  and,  if 
denired,  may  l>e  no  t-xprosxccl.  One.  cc.  of  tliti  dmnorinal  Holulion  is 
cquivnicut  to  .009  ^mm  of  luetic  acid.  The  other  acids  proscot  in- 
clude succinic,  malic,  and  tannic. 

Ash. — The  residue  obtatnctl  iu  the  direct  determination  of  the  ex- 
tract may  be  utilised  for  the  estimation  of  the  ai^h.  It  must  be  ignited 
vcr)'  cuiUiou^ly  mid  nt  a^  low  a  tcm])i*nittire  ns  possible  until  tbe  ub 
is  white. 

WINES. 

Properly  speaking,  wine  is  the  fermcnti^d  juice  of  grapes,  though  the 
term  is  applied  al-io  to  other  products  of  fermenlation  of  sacclinrine 
ti(|uid8  and  fruit  jniM-!<.  It  has  been  in  use  as  a  drink  from  the  x'crj' 
earliest  perioils  of  civitizulion.  At  the  present  time,  wines  are  pro- 
duced iu  iultuite  viirifety  mid  of  many  qutdilivs.  The  ciianicter  and 
properties  depend  upon  a  great  number  of  iiictors  including  the  variety 
of  the  gTn[)C,  (lie  nature  of  the  soil  u]iiin  whieli  thi'  vine  i»  cultivated, 
the  climate  in  gencnd  and  the  state  of  the  weather  in  particular  when 
the  grapes  are  rijieuing,  the  degree  of  ri|»ne8s  when  gathered,  tlic 
method  followed  in  the  prt'panitiou  of  the  must,  and  the  care  witJt 
which  the  other  steps  in  the  making  of  tlie  linal  product  are  conducted. 
Of  vcrj-  gn'ut  influence  ii*  the  extent  t<i  which  the  Hcedn,  skins,  and 
stems  of  the  fruit  are  allowed  to  be  acted  upon.  The  seeds  vield  con- 
itidend>lc  uinnunls  of  tannic  acid,  and  the  skins  lend  oolor,  flavor,  and 
lo  some  extent  astringency. 

The  most  important  constituent  of  the  juice  of  the  grape  i.t  the  inigar, 
and  this  is  present  in  greatest  abundance  when  the  fruit  is  fidly  ripe. 

In  the  making  of  wine,  the  lirst  step  is  the  preparation  of  the  must. 
I1ic  gru[)es  with  or  without  preliminary  careful  exnuiinntion  and  sort- 
ing, usually  without,  are  crushed  by  macbiaery  or  by  the  naked  feet 
of  men  »o  that  the  juice  is  set  free,  ftometiines,  the  sterns  are  first  care- 
fully eliminated,  and  particularly  goo<l  indivi<lual  grapes  are  cut  out  and 
set  aside  for  sptrciat  use.  In  the  crushing  of  the  fruit,  the  metiiod  of 
treading  has  iu  its  favor  the  fact  that  the  seeds  are  not  thereby  aSected 
and  so  do  not  ^ve  up  so  much  of  their  astringent  principle.  If  • 
white  wine  is  to  be  made,  the  niui^l  is  frceil  ut  once  from  the  skins  and 
stalks  ;  but  if  the  product  is  to  be  red,  these  are  left  in  during  the  pr^io- 
essof  t'ermontation.  The  juiwof  both  tiie  white  iinil  the  black  varieties 
of  grapes  is  practically  without  color,  but  when  the  dark  skins  are  lell 
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in  contact  vriih  the  fermentiDg  mose,  Ifie  alcohol  formed  extracu  the 
yvllow  mid  blue  coloring  matters,  vrliicli  t)i'<t>nic  n-A  tiiidcr  the  action 
of  the  frw  acids  formal  at  the  eatne  time. 

The  ron-<tiltit?ni.n  uf  the  mint  are  water,  .lugnr,  proteid  matters, 
gummy  &iil>«tunccB,  poctous  matter,  organic  at-ids  and  tlicir  ealts,  and 
mineral  matters. 

The  must,  with  or  without  the  skins  and  seeds,  is  fermented  in  vats 
of  wood,  marble,  or  slone,  the  proceaa  starting  very  quietly,  being  in- 
duoit)  by  orgimiwns  which  gn>w  on  the  nkin  itself.  The  teinpenilur^i! 
It  which  this  is  allowed  to  proceed  exerts  an  important  influence  in  de- 
termining the  eliaracter  of  the  wine;  couducu-d  lK'tw<>eit  J>°  and  15° 
C,  the  process  is  oompamtivcly  slow  and  the  aroma  of  the  wlno  is  rich, 
irbile  at  higher  tempemtun-x,  tlio  rate  'i!>  more  rapid  and  rlie  honqnet  i» 
Ims  marked.  TIic  termination  of  the  process  is  made  evident  by  th« 
firnnnliiiii  of  the  evolution  of  carbonic  add,  the  diminution  in  speeitia 
gnvity,  and  the  sinking  of  mstters  which  before  had  formed  part  of 
the  scum. 

Whether  all  of  ihe  sugar  iM  nwil  up.  depends  wimewlnit  upon  the 
amount  of  proteid  nutrient  material  for  the  gmwth  of  the  oT^nisms 
by  which  tiie  convention  is  earricil  on.  If  lhi^^  is  exhausted  first,  there 
will  be  a  residue  of  sugar,  and  the  product  will  be  corres|>aDdiagly 
•weet ;  if  there  ih  an  abundance  of  proteid  nintt<-r,  tlirr  sugar  will  be  the 
first  to  be  exhausted,  and  the  wine  will  be  "dry."  It  Is  sometimes 
necooMry  to  add  nilntgenouH  matter  nneli  a.'*  egg  albnmin  or  gelatin  lo 
order  lo  kwp  the  iirrwcss  from  ceasing  too  early. 

As  the  percentage  of  alcohol  in  the  fermenting  mnst  rises,  thebitar- 
timte  of  |tot»ssinm  present  is  gnidiiaMy  deposited,  owing  lo  its  insolu- 
bility in  alcohol.  The  deposit  is  known  coromemally  as  argol  and  is 
the  source  of  cream  of  tartar. 

When  the  first  fermentation  is  completed, the  alcoholic  Uqnid  is  dm  wo 
off  into  ca-sks  in  which  it  is  kept  for  a  number  of  mimthH,  the  vessels 
being  kept  coni^tsntly  filled.  .  It  now  undergoes  a  second  slow  fermen- 
tation which  bringH  about  a  group  of  eh.-inges  which  an^  not  underetood 
excepting  in  their  gross  result,  which  is  the  production  of  the  "  bou- 
quet "  or  Havor.  In  this  second  process,  there  in  a  further  dejiosition 
of  argol  and  aluo  an  oxidation  of  aldehyde  to  acetic  acid.  The  Iwuquet 
is  due  to  a  combination  of  ethers,  the  chief  of  which  is  (enanthic  ether, 
■opposed  to  l>e  prixiiiicd  from  the  nlci>hol  through  the  agency  of  the 
organic  ucids  normally  present. 

The  wine  is  next  racked  oft'  into  fre.-<h  c^isks,  and  in  .'W)me  case»  this 
bos  to  be  done  several  limes.  Sometimes,  Ihe  appcanineu  of  the  wine 
is  such  that  the  operation  of  fining  is  neccAtjiry.  This  consists  in  the 
•ddilion  of  egg  albumin,  isingliiss  or  other  gchilinous  matter,  which  in 
its  descent  attracts  and  eunieshea  tlie  fine  particles  of  matter  which 
Dot  only  prevent  briltinncy  but  later  on  may  dctritct  from  the  keeping 
quality  of  the  wine. 

Clusiflcatioa  of  Wines Wines  are  variously  clas^fied  according 

lo  color,  strength,  sweetness,  and  content  of  carbonic  acid.     Accord- 
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ing  to  color,  they  are  classed  as  red  or  white,  the  latter  tenn  applyit  _ 
not  only  to  tlio  vory  lighl|  nlmoit  colorli'tw  kind^i,  but  also  to  ibuHs  Imv- 
iDg  a  decided  yellowi&b  or  cveD  yell  own  ah -brown  oolnr  such  as  is  po«- 
scfttod  by  "  white  (lorL"  Tho  red  wint^t  include  \\him'  fftacnWy  known 
aa  Clarets  and  Bui^undies,  thoueh  both  these  kinds  exist  iu  the 
white  forni.s.  The  white  witicit  imiludv  the  whiKi  Clurcta  oooitDonly 
deai|^iitetl  as  Suiilornes,  white  Burgundies  of  whicli  ChoblU  \a  a  ty^, 
the  Rhini^  and  Mowlle  wincA,  aiitl  other.*. 

According  to  strength,  wines  ure  classed  us  naturul  and  fortified. 
The  natural  winei^  contain  of  alcohol  only  that  which  1,4  formed  in  the 
natural  process  of  fermentation  ;  the  fortified  wines,  such  oa  Sherry, 
Port,  and  Madeira  contain,  besides,  a  considerable  amount  in  the  foria 
of  kddcti  spirits. 

According  to  their  content  of  sugar,  they  are  clas-ted  as  sweet  or 
dry.  Some  of  the  sweet  wines  conl^iin  added  sugar  md  Ihat  which 
haa  e»capwl  the  action  of  the  yeast  pbnt.  In  the  dry  wines,  all  or 
nearly  nil  of  the  su^ar  hiiti  been  vonvertinl  into  alcohol.  Not  nil  of 
the  sugar,  however,  in  any  wino  is  converted  into  alcohol  and  carbonic 
ooid,  small  amounts  going  to  form  glycerin  and  succinic  acid. 

According  to  their  content  of  carbonic  itcid,  winos  are  classed  as  still 
or  sparkling  {effervescent).  The  natural  wines  contain  practically 
no  carbonic  acid  ;  liio  H|«iikling,  or  eflvrveseent,  wines,  us  Cliam[ingnc 
and  sparkling  Moselle,  are  iu  a  sense  artilicial  in  that  they  are  siib- 
joctcd  to  a  pro<;&w  of  feniKMitntiou  in  (In,-  1>ottIe,  sugar  being  luldod  for 
the  purpose.     They  are  also  flavored  with  liqueurs. 

Composition  of  Wtnes.  Alcohol. — The  mo#t  important  cnnstitu< 
eot,  the  .ictive  prineiplc,  of  wine  is  ethylic  alcohol.  The  higher  alcohols, 
ppipylic,  buiylic,  and  amylic,  are  always  present  in  traoeti.  The  amount 
of  alcohol  is  ipiilc  vnrinble,  ranging  in  natural  wines  from  0  to  15  per 
cent,  by  weight,  but  ordinarily  present  between  the  limits  of!)  and  12 
per  cent.  In  fortitied  wiiie.t,  the  amount  ranges  from  12  to  about  22 
per  i-ent.,  but  is  usually  about  17  per  cent. 

SugMT. — While  the  amount  of  sugar  iu  the  original  must  ranges  be> 
tween  12  and  3.j  i>cr  ocut.,  in  tho  natural  finished  product  it  is  as  » 
rule  quil«  low,  ordinarily  considerably  under  a  lialf  of  one  per  cent., 
and  ollen  none  at  all.  The  sweet  Tokays  ctintuin  exceedingly  variable 
amounts,  ranging  from  •'!  to  20  per  cent..  Forts  and  Madeiras  about 
4,  and  Sherries  suincwliat  Ints.  Champagnes,  even  those  ordinarily 
olusaed  na  sweet,  contain  but  small  amounts,  the  impression  of  sweet- 
ness being  hirgely  due  to  the  flavorings  of  the  littueure  added.  Four 
specimen.'^  analyzed  by  the  author,  one  of  which  (No.  4)  is  well  known 
as  an  extni  sweet  wine,  yielde<l  tlte  following  results  : 


Brand. 

MfH. 

OMM. 

Alwbol  br 
Wdflin. 

1.3» 
1.42 
I.fi6 
■4.76 

3.27 
8.2t 

11.15 

1(I.M 

3.18            lO-AS 

4.  WhltoSMJ  (Molt  AChnndon) 

6.88 

10,2s 
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ExtTMt. — 'Vht  «xtnu!t,  or  rcHldiic,  rcpn-sonta  the  sum  of  Uie  non- 
volatile ot>n»tiluents  including  ttii^ar,  nitrogenotiii  iiiatt<>r«,  titrtArio  and 
otlier  acidfi,  niincml  imd  or^imic  suits,  coloring  iiikI  ostrinj^nt  princi- 
plea,  glycerin,  etc.,  all  of  which  are  pre-^eiit  in  but  »n)all  ijiinntilics. 
In  swMrt  win<«,  the  priDcipnl  cnn^titiietit  of  the  residue  is  sugar.  Tb« 
Bctunl  ftHxl  valtio  of  the  residue  is,  spurt  from  the  sugar,  practically  ni7. 

Adulteration  of  Wines. —  Wine^i  have  )>ocn  itnlijcct  to  n  wide  vari- 
ety of  ndiillcnitionK  frum  the  curlio-t  times,  and  measure!^  ogitiiist  lh« 
practice  of  their  sophL-ticatiun  were  taken  lung  I>cfure  tliusr  iiKuinst  the 
adultcTstion  of  bread  and  olhcr  fowU  were  thought  of.     The  ancient 

»Gr«clu  and  Romans,  for  example,  enacted  stringent  lawn  and  a])point«d 
officials  wIiOHC  duly  vm*  to  d*-tco(  ami  ]iiiiii^h  those  who  ofTemled. 

At  the  prciifnt  rime,  adulteration  of  n-ines  is  practieed  very  oxtcn- 
Bi\'cly  and  includw  ihi?  addition  of  water,  of  coloring  iigeiits,  of  pre- 
servatives, of  glycerin  to  impart  sweetness  and  hody,  of  alum  to 
htigfalfn  color  and  of  decolorixing  agents  to  remove  it,  the  siibstitulion 
of  wholly  artiticiul  compoundi!,  and  pntcesscs  for  the  "  improvement " 
of  the  natural  product.  The  flavoring  and  coloring  ngentn  are  as  a 
mic  quite  Itarmlcss  in  their  nature.  They  arc  employed  chiefly  in  the 
manufacture  of  factitious  wines,  and  not  uncommonly  the  wtme  agent 
sen'cfl  in  Utih  capacitiii*.  Prunes,  rai^in^,  dried  apples  and  peaches, 
and  dates  are  quite  commonly  so  employed.  Variou.-*  herries,  logwood, 
alkaiiet,  red  hiHrl.-*.  coal-tar  |in)ducl.H  and  a  wide  variety  of  other  aub- 
ataDofS  arc  said  to  be  used  for  impurting  color. 

The  addition  of  alcohol  is  recognized  as  a  legitimate  practice  in  the 
OM  of  the  fortilicd  wiues ;  that  of  glye^^rin  has  no  sanitar)'  signifleancc. 
The  amount  of  alum   used  for  heightening  eol'ir  \r<  go  small  as  to  be 

firodildive  of  mi  harm.  The  eniploymrnt  of  decolorizing  agents  is, 
ike  the  subetitution  of  artificial  products,  a  fraud  pure  and  simple ; 
bat  th*  lue  of  preservatives  such  as  salicylic  acid,  formaldehyde,  and 
sulphites,  is  ohjectiooable  on  account  of  danger  to  health. 

For  the  improvement  of  wine.4,  a  numlx^r  of  pnicr»»e»  are  in  vogue. 
Chief  of  these  is  "  plastering,"  which  consists  in  the  addition  of  gyp- 
sum Xo  the  must  for  the  purpotte  of  conferring  a  more  brilliant  appi-ar- 
aoce  and  increasing  the  keeping  qualities.  This  agent  decomposes  the 
potassiam  (Htarlrale,  forming  tartrate  of  calcium  and  acid  gnlpliate  of 
pOtaatdum,  which  in  evcntuidly  c<mvert4-d  In  the  neutral  sulphate. 
Chaptfllizing  consists  in  the  neutralization  of  the  acidity  of  tlic  must 
by  Uie  use  of  marble  dust,  and  the  addition  of  cane  sugar  or  glucose. 
This  process  diminishes  the  natural  acidity  and  increases  the  yield  of 
alcolMl.  Oalliicing  eon^ttsts  in  diluting  the  raurtt  so  as  to  rc^luce  its 
acidity  to  a  given  slanditrd,  and  adding  a  sufficient  amount  of  cane  sugar 
or  glucose  to  ensure  the  production  of  the  proper  alcoholic  Mrength, 
The  Pasteur  treatment  of  wines  la  8i)mctimes  rcsorlcd  to  as  soon  as 
evidence  of  untoward  fermentations  producing  the  so-called  "  wiue  dis- 
tascs"  appears.  The  wine,  tiO^t  in  the  bottle,  \»  heuletl  tu  from  55  In 
85"  C.  aeoordiog  as  the  alcoholic  strengtli  is  high  or  low,  whereby  the 
•xiatioggermaarc  killed  and  the  preservation  of  the  wine  is  pennanent. 
12 
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Tho  man II fact II re  of  urtiflcial  wiiii^  is  cnrricd  on  quite  irxtcneively 
in  this  country  and  abroad,  in  apite  of  the  fart  that  fair  frrsdeA  of  the 
^ntiint  prodiii'turpolituinnblcnt  vopy  low  jiriw*.  A  number  of  hand- 
books and  guides  to  the  "  art  of  blending  and  compounding  "  are  pub- 
liehitl  for  tU^-  ii«^  of  wIioIisiIits  and  ri'iniltT)'  of  win(*  and  liqiiore,  and 
from  several  of  theee  the  following  are  selected  as  examples  of  the 
methods  givoii :  (1)  Port.  Older,  30  gallons;  alcohol,  5  gaJhitu ; 
Hvriip,  4  gallons;  kino,  one-half  pound;  tartaric  add,  one-quarter 
[Kiuiid  ;  (>ort  wine  flavor,  (i  ounces.  (2)  Claret,  Oalifornin  htwk,  40 
gallons  ;  extract  of  kino,  8  onncei>  :  essence  of  miilvey  flower,  H  ounee«. 
(3)  Sherry.  I'^iial  parts  of  Spanihh  sherry  and  California  hock.  (4) 
White  wine.  Uissolvc  '2-j  pounds  of  gru{)e  sugar  and  one  of  tartaric 
acid  in  'lo  quarts  of  hot  water,  add  75  quarts  of  cold  water  and  50 
pounds  of  gnipe  pulp,  stir,  cover,  let  ferment  fop  four  or  five  daye, 
and  strain. 

Ill  l''ninoc,an  nrtilieinl  8uli«ttitute  for  wine,  known  as  "  piqtietto,"  is 
very  extensively  manufactured  from  ralelns  and  dried  apples.  It  is 
estimated  that  in  1 898  no  less  than  f)0,00n,000  gallons  were  made  imd 
consumed.  The  process  is  exceedingly  simple.  To  each  gallon  of 
water  used  are  added  one  pound  of  raisins  and  one  of  dried  npplen; 
the  mixture  is  placed  iu  nn  op^'n  vessel  and  allowed  to  stand  three 
days.  It  is  tlien  bottled  with  a  half  teas]>oonful  of  sugar  and  a  small 
piece  of  cinnamon  in  ejieli  bottle.  It  is  Hiid  to  be  u  pleasant  and 
harmless  beverage. 

Analysis  of  Wines. 

I>etermiliatio&  of  Alcohol. — The  jiroc-ess  fur  the  determination  of 
alcohol  is  the  same  as  that  followed  in  the  analysis  of  beer,  except  that 
the  dislilliilion  or  eva])onition  is  carried  furtln-r  itloug.  .\l  lenst  *iO, 
and  better,  75  cc.  are  colleclcd  by  distillation  or  driven  off  by  open 
vva{H>rnI.iiiii. 

Determination  of  Extract. — The  specific  gmvity  of  the  <Ie-fllcohol- 
ixeil  wine  given,  as  with  beer,  an  approximate  ejitimate  of  the  amount 
of  extract,  and  the  siinie  table  may  he  used.  The  direct  dclermination 
is  made  by  eva]>orating  50  cc.  of  the  wine  in  a  weighed  platinum  dish 
on  the  water-hath  and  dri-ing  to  constant  weight  in  iin  air-bulh.  With 
sweet  wines  a  smaller  amount  is  preferable. 

Determination  of  Acidity. — The  total  acidity  due  to  bilnrtmte  of 
potassium,  tartaric  acid,  malic  and  other  acids  is  reckoned  as  tartaric 
acid,  Tweuty-tive  cc.  of  the  wine  are  titrated  in  the  uku.i1  wny  with 
deotnormal  sodinm  hydroxide,  one  cc.  of  which  equals  0.0075  gram  of 
tartaric  acid. 

The  volatile  acids  arc  reckoned  iw  acetic  acid.  FifVy  cc.  of  the  wine 
are  ]>laced  in  a  distilling  flask  connected  by  means  of  its  outlet  tube 
witli  a  Liebig's  condenser  and  by  means  of  a  bent  tube  pairing  through 
its  stopper  and  projecting  well  below  the  surface  of  the  wine,  with  a 
flaak  contiuning  2I>0  cc.  of  water.     The  contents  of  both  fhmka  are 
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imitght  to  the  l)oiling  {mint,  and  (hon  the  flnme  hiTioiilIi  iIk-  n-inc  is 
turniil  down  ami  the  ciiriY-iit  of  ^tciim  jiimKcil  ihi-oiigh  uuiil  200  co.  of 
dbtillnte  are  collected.  ThU  U  titrated  with  decitioniial  sodium  Ity- 
druxidc,  anil  the  result  is  expret^i^tl  n?  acetic  acid.  The  detenu  i  oat  ion 
of  the  amouDtA  of  the  individual  acid^  is  of  no  liygienio  interest. 

Determination  of  Sngar. — The  iimomit  of  euf^ir  in  wine  in  deter- 
mined !iy  rftliictioii  of  Fihling's  solution,  by  the  method  of  Allihn,  and 
by  polari«x)py.  For  thedctniUof  thonc  metliods  the  nailer  is  referred 
to  any  of  the  stflndanl  works  on  wine  analyei:;,  for  the  wiiall  amount 
of  )>ugar  onlinnrily  present  im  of  hut  little  hygii'nic  interest,  and  the  de- 
ficription  of  the  proecKsev  would  involve  iin  amount  of  apace  vastly  out 
of  proporti<in  to  tlie  importance  of  the  suhjeet. 

Detemuitation  of  Ash. — ^Thc  rcaiduv  ubtaineil  in  the  determination 
of  extract  cnn  be  utilized  for  the  delerminntion  of  the  a^h.  It  must 
be  ignited  at  n»  low  u  tcnijKTatnr*'  iia  poKifihle. 

Detection  of  Ooal-tar  Colors. — While  the  presence  of  coal-tar 
ooh'rn  is  not  diiVn-iih  III'  dclectiini,  ilic  identitinitiun  uf  lli«  individual 
members  of  the  group  ta  by  no  meane  easy.  The  following  tests  give 
reliable  indications  of  th<>  presence  of  tliiit  cla.-*^  of  colors.     Equal 

volumes  of  wine  and  ether,  agitated  in  a  llai^lc  and  let  stand  and  sepa- 

^^BdMIe,  will  show  in  the  ether  layer  a  red  coloration,  if  nnilin  colore  are 
^Vtoresent,  In  place  of  ether,  nitro-bcnzeno  may  be  used  ;  tliJs  removes 
fuchsin,  eosin,  and  methylen  blue,  but  does  not  lake  up  any  of  the 
vegetable  colors,  safrnnin,  or  indigO'Cnrmino.  Amyl  alcohol,  also,  will 
beeonie  reddened  when  agitated  tvitb  wine  containing  aniline,  but  the 
wine  must  first  l>e  made  sli{;htly  alkaline.  If  white  woolen  threads 
are  immersed  for  some  time  in  the  colored  li(|uida,  they  will  take  up 
tJir  colore  and  become  dj-ed. 

Caseopuve's  tcs.t  is  performed  as  follows:  To  10  ce.  of  wine  add 
0.200  gm,  of  mercuric  oxide,  then  shake  for  one  minute,  boil,  let  stand, 
and  filter.  The  fdlrnlc  should  be  quite  ekur,  ami  iu  the  absence  of  anilios 
ahould  be  colorless;  if  it  iri  red,  au  aniliu  color  is  present.  Absence 
of  color  is,  however,  not  ooncliisivc  evidence  of  purity,  since  a  number 
of  tlie  anilin  colors,  as  eosin,  methylen  blue,  and  others,  are  wholly 
pnx.'iptlat<-d,  and  wo  do  not  appear  in  the  filtrate,     ^^itfnmin,  mcthyl- 

in,  Ponceau  red  and  a  number  of  other  colors  are  partially  or  com- 
fJetcly  preci  pi  tiled. 

A  Dumber  of  these,  includinf;  safranin,  Bordeaux  red  and  Ponceaa 
re«l,  may  be  separated  by  the  following  process :  To  200  cc,  of  wine 
from  which  the  alcohol  has  been  cx|x^'lled,  add  -l  cc,  of  lO-pcr-ivnt. 
hydrochloric  acid  and  some  while  woolen  threads,  and  boil  for  6ve  min- 
otes.  Withdniw  the  lhreiid.-«  and  wiwh  thorn  with  cold  water  mridu- 
bled  with  hydrochloric  acid,  next  with  hot  water  similarly  acidulated, 
and  lastly  with  distilled  water  aloue.  Boil  the  threads  in  50  cc.  of 
dtsttlled  water  containing  *2  ec.  of  strong  ammonia  water,  remove  them, 
and  immerse  new  ones.  Make  acid  with  hydrochloric  acid  and  Uiil 
for  five  minutes.  Varying  shades  of  rosv-rcd  will  be  imparted  to  the 
threauL)  if  any  of  tliese  colors  are  present. 


ISO 


FOODS. 


PiichsiD  may  be  detected  by  the  followinf^  niotho<]« :  (1)  To  lOO 
of  wine  add  5  cc,  of  ammonia  water  and  ^10  oc.  of  ether,  and 
Remove  the  vthrr,  wlii<-li  will  hnve  no  w.dor,  pluc«  it  in  a  watch 
with  a  white  wooleu  thread,  and  let  it  evaporate  to  dn-neas.     If 
ft  trace  of  ftichMn  is  prernnt,  the  thread  will  show  a  diMtioct  mm  ool 
oration.     (2)  Mix  two  volumes  of  wine  and  one  of  solution  of 
acetate  of  lead,  warm  gently,  and  .ihake.     Fitter,  add  in  the  filtrate 
amuil  aoiount  of  amy)  uWhol.  shake  nf^ain,  and  irmove  the  amy]  a 
hoi.     If  thia  has  a  red  color,  it  may  be  due  to  fncboiu  or  u>  omai. 
To  a  portion  of  the  colored  liquid  add  hydrochloric  acid  ;  if  the 
is  discharged,  it  was  due  to  fuchsin.     To  another  imrtion  add  ammonil 
water ;  if  the  color  i.^  chan^Ni  ^<^  purpli-  violet,  it  wa^  due  to  onoil' 

Detection  of  Preservatives.     Salicylic  Add. — Spiea'a  method 
detecting  ."tahcylie  acid  in  wine  is  a.i  fotloM'N  :  Acidify  10  oc  of  wii 
witli  a  few  drops  of  hydrochloric  ncid  and  shake  with  an  equal  vol 
of  ether.     Remove  the  ether,  filter  it  if  necessarj-,  and  eva{>orate  it 
ilryncj*.     Ad<i  ii  drop  of  nitric  acid,  warm  gently,  and  add  an  e: 
of  ammonia  and   1   cc.  of  water.     Immerse  a  white  woolen 
apply  gentle  heat,  and  tlien  withdraw  the  thread,  wa:<h   it,  and  dry 
between  piccca  of  blottinf;  paper.     A  ycUow  color  indicates  that 
cylic  acid  was  pre-tent  in  the  wine. 

Another  method  for  which  ureiit  ileUoacy  is  claimed,  even  to  a  tei 
of  a  milligram  in  a  liter,  is  the  following,  .\ddiry  50  cc,  of  irioe. 
beer,  or  other  liquid  with  sulphuric  ueid,  and  shake  it  with  an  tf^ 
volume  of  a  mixture  of  eqiiHl  parts  of  ether  and  naphtha.  Scparalt 
the  ether,  fdter,  and  cvaixtrate  down  to  ■'»  co. ;  then  add  'A  oc.  of  waUr 
and  a  few  drops  of  very  dilute  solution  of  ferric  chloride,  and  filtM 
through  a  wet  filter.  In  the  presence  of  .'iiilicylic  acid,  the  watery  yx-  ' 
tion  will  have  a  violet  color.  A  inotlification  of  this  method  oonsifti 
in  extracting  with  ether  alone  and  then  extracting  the  ether  rr^idot 
with  naphtlia;  the  residue  on  evaporation  of  the  naphtha  is  treattJ 
with  water  and  %'eiy  dilute  ferric  chloride. 

Formaldehyde. — To  10  cc.  of  xvine,  add  a  few  dro|)«  of  milk  knomi 
to  be  free  from  formaldehyde,  an<l  itliake  in  a  test  tulie.  Next  pout 
down  the  side  of  tlte  tube  about  4-o  co.  of  strong  oommercial  eut* 
phuri<-  aeid,  and  note  the  color  at  the  line  of  contact  of  the  two  liquids- 
(See  under  milk.) 

Sulphites. — To  200  cc.  of  wiae  (or  beer)  add  5  cc,  of  phosphoW 
acid  ;  distill  1(H)  cc,  u.iing  a  UAig"*  condenser  with  a  Iwnt  dcliveij, 
tube  which  dips  below  the  surfoce  of  20  oc.  of  dednormal  mlutico 
jiodinc.     Ily  distilling  in  a  cunvnt  of  wa^lH-iI  tX).  the  danp-r  of 
'lUOtiou  isavoidt^-d,     Tlte  reaction  which  is  brought  alxiut  ie  as  folloVl 
80,  +  ^H,0  +  I,  =  H^SO,  +  -.iHI.     The  amount  of  SO,  may  he 
termincil  by  .■.■*iimating  tl»e  cxce.ta  of  iodine  by  means  of  standard 
dinni  tbio9n1]>li:>r<-,  or  tlw  di»tillntc  may  be  acidifitnl  with  hydroch 
IC  * "        wined  sulphuric  acid  precipitated  as  barium  sul 

*  l«rium  ehloridc.     One  milligram  of  barium 
10.2748  milligram  of  SO^ 
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Cider,  or  ajiplc  wine,  is  tlie  fermented  juice  of  the  npplc.  It  is  vcr; 
cxt<-ii»i%-ely  made  wherever  iipplcs  arc  grown,  ant!  is  a  very  important 
proiiuet,  viewed  either  a^  a  beverage  or  a,-«  tlie  l>a»is  of  wlinl  is  generully 
Tvgnrdcd  oh  the  Ik-sI  kind  of  vincgnr. 

A  very  large  if  not  the  greater  part  of  the  eider  produced  '»  made 
without  special  care  by  a.  verj'  simple  process.  The  apples  uswl  are 
flnlinarily  those  not  roarketaldo  on  iiceount  of  .tmall  size,  greenness, 
over-ripene*t,  or  hruiiK^,  hnt  oOen  |K'rfeet  fruit  is  iiwd  when  tl)e  crop 
»  90  ahundant  that  there  it)  more  profit  in  converting  it  into  cider  and 
vinegar  tlian  in  sending  it  in  harreU  to  tniirkct. 

Tlic  fruit  \a  ground  to  a  pulp  and  prca^ed,  and  the  juice  drawn  into 
barrels  and  allowed  to  fern)i.^i)t.  If  the  ruinie  amount  ofean-  is  talten 
1L4  !»  ^ivcn  to  the  making  of  wine  from  grapes,  the  product  is  of  a 
eaperior  grade  and  han  givat  ktt^ping  ipnilititrs,  but  oa  ordiimrily  made 
ID  the  country,  its  life  is  short  unless  treated  with  salicylic  acid  or  other 
preservative  to  check  fermentntiim.  In  Fmnee,  where  the  yearly  yield 
ia  very  gn-at,  the  beat  grades  are  made  with  due  regard  to  the  temper- 
ature at  which  the  fermentation  proecetta  and  to  the  importance  of 
racking  off  and  lining. 

Cider  of  good  quality  contaius  usually  from  3  to  5  per  cent,  and 
aometimet  as  niiioh  ai*  8  per  cent,  by  weight  of  idcohol.  Very  new 
aweet  cider  may  contain  les.t  than  I  per  cent.  The  totid  extract,  which 
ifl  largely  sugar,  is  in  inverse  pri)|iitrtiiiii  li>  the  amount  of  aleohol ;  In 
sveragQ  eampks  it  amounts  to  from  4  to  0  per  cent.,  while  in  new 
sweet  cider  it  is  eommnnly  iieitrer  it  per  cent.  The  free  acids,  chiefly 
innlic,  amount  to  leas  than  three-fonrthe  of  1  per  cent,  and  average 
about  O.-IO. 

The  ndnlteniti<in«  of  cider  are  water  and  salicylic  iwi<l.  The  latter 
is  very  commonly  found  in  tlint  which  readies  tlie  city  markets. 

PBERY. 

Perry,  or  "  pear  cider,"  is  the  fermented  juice  of  pears.  It  is  made 
in  the  same  way  as  cider.  Pear  juioe  being  richer  in  sugar  than  apple 
juic«>,  it  follows  that  tJie  average  content  of  aWliol  is  somewhat  higher 
than  in  cider. 

Distilled  Alcoholic  Beverages. 

Spirits,  or  distille«l  liquors,  are  the  product  of  distillation  of  fermented 
»ugar  wlutinns.  Tlu'ir  nuMt  im|)ortant  coiisliluent  is  etliylic  alcohol 
which  is  onlinarily  present  to  the  extent  of  almnt  -lo  per  cent.  When 
fn-nhly  made,  they  contain  variuhh-  sniall  quiintities  of  higher  alcohols, 
furfurol,  ilitty  acids,  and  other  volatile  principles,  which  together  cod- 
alitiite  what  in  known  a.«  fusel  oil,  the  chief  constituent  of  which  is 
amy]ic  aleohol. 

likich  kind  of  grain  or  other  raw  material  from  which  the  ferment- 
able sugar  solution  is  obtained  yicUht  a  diffcreut  kind  of  fusel  oil ;  dlT- 
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ferent  becaUAe  of  the  changing  relative  proportions  of  its  cotutitaeDO 
which  include  butvlic,  prupjiic  ami  nmylic  alcohol  and  their  corr 
sponding  addii,  butjrio,  propylic,  and  valerianic,  and  other  mat 
That  which  Is  found  in  potato  s])irit-'*  is  rii^hest  in  ainylic  alcohol 
is  the  most  tosic,  while  tliat  from  grapes  coutaing  much  the  least  an 
pro<luccs  the  least  harm.  During  the  prooes^  of  aging,  the  conHtitueotl 
of  the  fusel  oil  undergo  chemical  changes  which  result  in  the  formatio 

.  of  cenanthic,  atietic,  and  Imlyric  ethers,  acetate  and  valerianate  of  amy] 

'  ftod  other  compounds,  which  together  constitute  the  aroma  or  "1 
quet."  Thna,  a  spirit  is  improved  in  two  directions  by  long  star 
it  loses  in  toxicity  and  gains  in  lluvun 

The  relative  toxicity  of  the  several  alcohols  and  of  other  oonntituenlj 
of  fnsel   oil   has  Ijwn   determined  by  Dujnrdin-Bi^itunietK  ami  othen 
who  show  that  the  poisonous  properties  increase  with  the  boiling  poid 
and  molec'iiiiir  weight,     Jcffroy  and  Scrveanx  '  deti^rniincd  the .'imoaoH 
in  grams  necessary  per  kilogram  to  kill  a  rabbit,  as  follows:  Ethyli 
alcohol    11.70;  propylic  alcohol  3. '10;  bntylic  alcohol   IA5;  amjfi 
alcohol  0,63  ;  furfurol  0.24.     Dareniberg  '  found  by  experiment 
artlKcial  spirits  and  wines  made  with  pure  rectified  alcohol  are  la 
toxic  than  the  genuine  products  by  reason  of  the  nbscnoc  of  the  > 
stitiients  of  fusel  oil.     Roubinowitch,'  speaking  of  the  greater  toxici^ 
of  tlie  higher  alcohols,  calls  attention  to  the  fact  that  t.hcdistiMate>tf^ 
cider,  pern,-,  and  fermented  grains,  potatoes,  and  molasses  are 
more  toxic  tlian  brandy. 

Most  spirits  are  artificially  colored  by  the  addition  of  harmless  < 
oriug  agenttt,  the  mast  widely  nsed  of  which  is  caramel.     .\.4the 
tice  of  coloring  is  in   response  to  the  demand  of  the  consumer  forj 

'darker  color  than  can  be  obtained  otherwise,  it  can  hardly  be  regar 

LM  an  udultcratiou. 

BKAITDT. 

Brandy  is  obtained  by  distilling  wines  of  the  poorer  qualities,  00 
mixed  with  the  "  lees,"  or  dregs  from  the  wiiio  casks,  and  the  "  marc,^ 
I  OP  solid  refuse  left  after  pressing  the  grapes.     The  lees  and  marc  i 
abo  used  aloue  for  the  producttun  of  a  highly  odorous  brandy  wbidil 
much  used  for  improving  the  flavor  of  other  brandies  and  for  giv" 
flavor  to  the  nrtiBcial  brandie.'*  made   from   pure  alcoltol  and 
From  this  marc  brandy,  is  obtained  the  oily  substance,  osnanthic  i 
which  is  known  commercially  tn  "  oil  of  wine." 

Brandy  is  produced  very  largely  in  France,  and  much  less  «xti 
sively  in  Spain,  Portugal,  and  (lermany ;  in  California  and  in  tlie ' 
growing  region  of  the  Ohio  and  Mississippi  Valley,  it  is  produced! 
>'Urge  quantities  and  of  most  excellent  quality. 

The  colorU^H  distillufa;  is  stored  for  some  time  in  oaken  casks  fn 


'  An:hiv«a  dp  M&lJcine  Kipcrim«nbUe  et  d'AnntomJe  Pitholosiqoe,  1S95, 

*IbideiT).  p.  719. 

■Gueite  Jim  HopiUux,  1895.  p.  S37. 


WHiSKEY. 

which  a  Bcaall  trace  of  taanin  and  a  %'aryiiig  cirpth  of  amtwr  color  an: 
■ocjuirO.  Tha  flavor,  vrhicli  in  gcDeml  tlepentls  upon  the  kind  of 
graiMS,  tlieir  ooDttition  when  pren.'^oi),  mid  iJii>  cure  tAiM'TwcA  in  th« 
■naklng  of  the  wini.',  bf^incs  improved  duriitg  Hbimgc.     Tlic  liquor  is 

;  then  colored  and  bottled  fur  the  marltol. 

Good  brandy  Hhould  cunlitin  from  39  to  47  per  c«nt.  of  alcohol  \ij 
weight,  ehotild  have  an  agreeable  odor  and  taate,  and  should  be  free 
from  Aubntanccn  uildtil  In  imparl  sharp  Iaj»U^  mid  ap(Min.'iil  slrpngth. 
The  uvarly  dry  residue  from  lOO  cc,  very  slowly  evaporated  on  a 
water-bath  should  have  a  |il<TiLsitnl  odor,  »tid  itit  taiitf  should  be  neither 
•wect  nor  sharp ;  a  harsh  odor  points  to  tlie  presence  of  fusel  oil  d&> 
rived  from  potato  or  oereaU ;  a  ttweet  toAte  in  indicative  of  added  sugar 
or  glycerin  ;  and  a  sharp  taste  is  suj^t'Stive  of  cayenne  or  other  spicc. 
Much  of  the  brandy  of  cnmmeiw  is  a  purely  arliticial  product  made 
from  aioihol  or  [x)lHt«  spirits,  water,  ami  Havorings.  The  formulm 
for  making  brandy  arc  very  numerous,  and  not  a  few  require  what  is 
kuown  OS  brandy  eMenov,  an  article  n^nde  with  cthont  and  olltcr  sub- 

lJCUiov«  in  varying  proportions.     Dy  one  formula,  it  is  made  with  & 

Sparta  of  cenaiithic  ether,  4  of  acetic  ether,  3  of  tincture  of  gnlU,  I  of 
titwtiire  of  pimenta,  and  lOU  of  aloottol ;  by  another,  it  consists  of  1 5 
porta  of  acetic  ether,  12  of  sweet  ^piriltt  of  nitre,  nn<l  1  of  reutlBed 
wood  «{iirit.  Ono  part  of  either  of  these  mixtures  is  sufficient  to  flavor 
•  mixture  of  1,000  parla  of  alcohol  mid  BOO  of  water. 

As  rxuniplos  of  tlio  wuy  in  which  fuclitious  brandy  is  made,  the  fol- 
lowing will  serve.  (1)  Boil  -"i  ounces  of  raisins  and  6  of  St.  John's 
bread  in  wnt«^r,  Rltcr  and  make  np  to   10  quart« ;  mix  this  with  20 

tqnarta  of  alcohol,  10  ounces  of  brandy  essenoe  aud  a  half-ounce  of 
MBence  of  violet  flowen*.  (2)  Kssolve  1  pound  of  ariri)!^  and  3  of 
sugar  in  a  gallon  of  water,  add  40  gallons  of  alcohol,  a  quarter-pound 
of  acetic  ether,  2  nunoes  of  tincture  of  kino,  6  |x>unds  of  bruiwd 
nisins,  and  a  sufficient  amount  of  caramel,  and  let  stand  14  days  ; 
atraio  and  bottle. 

WHISK£7. 

Whiskey  is  the  product  of  distillation  of  the  fermented  mash  of 
grun  or  potatoes.  Tlie  raw  materials  from  which  the  mash  is  made 
include  malt,  wheat,  rye,  corn,  oats,  aud  potato.  In  the  prooe-ss  of 
mashing,  the  starch  of  the  grain  is  changed  lo  sugar  by  the  diastase  of 
the  malt ;  and  since  this  ferment  is  cajinhle  of  <s>iiverting  other  ntarch 
than  tiuit  with  which  it  is  a»^ociiited,  it  is  customary  to  mix  malt  and 
raw  grain  in  the  proportion  of  one  to  fn>m  live  t*>  nine  parts.  A 
bushel  of  grain  mukcA  about  2.'y  gallons  of  spirits.  In  this  country, 
die  grains  employed  are  chiefly  corn,  wheat,  and  rye  ;  in  Great  Hritain, 
barley,  oatv,  and  rye  are  uswl  ti)gctber ;  [wtatoe*  are  used  to  a  gn-ater 
or  IcM  extent  on  llie  eunlinent.  The  mash  for  Scotch  whiskey  is  very 
commonly  prepared  from  2  parts  of  mall,  7  of  iHirlcy,  anil  1  e^icli  of 
oats  and  rye  ;  that  for  Irish  whiskey  is  the  same  with  the  exception  of 
tlie  rye. 
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As  soon  ■»  the  furrnvntntioii  of  tlie  mft-ilt  throagh  the  igeiujr  I 
veast  is  complete,  the  diMitlatioD  la  twgUD.     Tbc  first  distJllulv,  kt 
•s  "  low  wine,"  tn  iv-iliMilk-cl.     Tbp  w?m)nd  <!istillnte  is  slron^eri 
lesB  rich  in   fusel  oil,  which,  being  less  volnlilc  thmi  t^tlivlic  alauha 
come*  over  chiefly  in  the  later  portions.     The  new  whiskey  is  ito 
for  several  ycani  in  onlcr  timt  it  may  ncquirv  thr  flnvor  diic  lo  the  i 
■nation  of  new  compoundii  from  the  constituents  of  th«  fusel  oU,     ~ 
ing  slora^-,  it  tak<-s  up  n  tnuvr  (if  tnnnin  from  the  onk  of  the  cad 

The  6avor  of  whinkey  depends  upon  the  nature  of  the  raw  tatl 
and  Inrsi'ly  upon  tho  aging  ptxxH-*)'.      The  disagreeable  Havor 
odor  of  new  whiskey  are  due  to  fusel  oil ;  the  smoky  ta^te  of 
and  Imh  whi»iki<^i  i»  due  lo  the  smoke  of  the  peat  and  turf  fires  i 
which  tlie  malt  is  dried.     Indian  enm  whii^kvy  h»*  ii  inuoh  diffei 
flavor  from  (hat  of  rye  whiskey ;  this  flavor  is  highly  irgardeil 
many  to  whom  n^'e  whii^kvy  is  unpul.itahlc  and  insipid,  and  atjb 
same  time  it  is  so  full  that  to  others  it  ia  mnk  and  naui^atiiig. 
pcciilinr  flavor  of  B<iiirbon  whislicy,  H0-r«lie<l  hecaitsc  originally 
miced  in  Bourbon  County,  Kentucky,  is  due  to  the  com  from  wli 
with  rye,  the  mash  is  prijian-d. 

Whiskey  of  gooil  otiatity  should  contain  about  45  per  o*'nt.  of  i 
hoi,  and  sliould  yieia  not  more  than  ().2.'i  per  cent,  of  residue, 
sliouKl  haw  a  slightly  aromatic  odor  and  hut  littk  taj^te. 

Whiskey  is  very  largely  manufactured  from  alcohol,  water, 
various  fliiviiring  comjxinndit,  wmic  of  which  can  hardly  be  looked  Dp 
•a  wltoUy  innocuous.    The  following  directions  arc  taken  from  a ! 
work,  the  object  of  which  is,  according  to  the  preface, "  to  give  thedi 
pvnser  of  liquors  thorough  ai>d  practical  infoniinlion  by  which  he  i 
be  enabled  to  compound,  and  blend  !>(|uors  for  his  own  purposes,  i 
thus  secure  the  additional  pmfit." 

1.  Bowbon  0»/. — Take  of  fusel  oil  64  ounces,  acetate  of  potas 
and  sulphuric  arJd  each  4  ounco,  and  black  oxide  of  mangaaeee  1 
ounce.     Dissolve  a  lialf  ounce  each  of  sulphate  of  copper  and  o%t 
of  ammonium  in  4  ounces*  of  water,  mix  all  in  a  glass  jw-rcolator.  t 
lot  rest  for  12   hours.     Then  percolate  and  put  into  »  gl<iN»  still,  i 
distill  G4  ounces. 

2.  Hiif  Oil. — Mix  64  ounn«  of  fustl  oil,  8  wch  of  wnanlhic ' 
diloroform,  and  Eulpliaric&eid,  and  2  of  chlorate  of  potassium  in  81 
water,  place  in  a  glasi<  still  ami  distill  dl  ounces. 

3.  BfiiiVmif  (HI. — Mix  together  4S  ounces  of  oil  of  sweet  tilmrtnd 
and  12  of  aidphnric  acid,  and  when  nool  neutralize  Mith  ammoniai 
dilute  with  double  tlte  volume  of  proof  spirits.  "This  is  uw-d  to  | 
an  artificial  bead  on  inferior  liquors."  For  making  (he  lowest 
of  whiskey  one  xa  dim-lnl  to  mix  32  gidUiuH  of  ahfdiol  and  ICl 
water,  4  ounces  of  caramel  and  1  of  beading  oil.  By  adding  <hII 
rye  or  oil  of  Itourlton,  "  making  the  tcsnll  rii'r  whinkey  or  HourbonJ 
the  case  nuiy  be,"  the  value  is  said  to  be  increased. 

Prom  another  similar  source  the  following  recipes  for   facCitJd 
whiskey  arc  taken : 


LKlUliUJlS. 

1.  Bourhon  Whiiike^. — Proof  spirit,' lOOgallona;  pear  oil,  4  ounces; 
petargoiiie  plltcr,  2  oimco»  ;  oil  of  wioterprccn,  1 3  dntclims  in  (.-tlicr  ; 
wiDe  vinegar,  1  gullon  ;  caramel  color,  a  sufficient  quantity. 

2.  (Jtil  Itourb'iii, — AIooIk'I,  Id  galliiiin;  Itoiirltun  wliirskvv,  o  gal- 
lons; Bweet  spifilB  of  nitre,  2  ounces  ;  fusel  oil,  2  ounces.  Mix  and 
lei  stand  four  day?. 

3.  Otii  Itifc. — -Soak  a  luilf  peck  of  roasted  dried  peaches,  put  them 
into  a  woolen  liag  and  leach  them  with  common  whi.'ikey  enough  fur  a 
tMrrrl,  and  add  12  drops  of  strong;  smuionin. 

4.  Scoleh  W'liifkeif. — .■llcohol,  4fr  galh>uii ;  genuine  Scotch,  8  gal- 
IcMis  ;  water,  l><  gallons  ;  ule,  1  gullon  ;  erciiMote,  -j  drops  in  2  ounces 
of  acetic  aeid  ;  pelai^nic  ether,  1  ounce  ;  honey,  .'t  puundo. 

5.  Iriith  W/iiAvif. — Snme  m  above,  ttulMtituting  Irish  for  Scotch, 
mod  omitting  the  honey, 

BUM. 

Kuni  i»  made  by  distilling  ri-rmented  niuhisses  or  tlic  tikiinmingit  of 
snnr  boilers,  with,  not  uncommonly,  otiior  substances,  as  pineapples 
and  giiavafi,  to  give  flavor.  Tin-  eharactcriHtic  flavor  of  rum  ih  due  to 
butyric  etJicr.  The  ulcoholic'  content  of  rum  is  very  variable,  ranging 
from  '-iO  to  over  iJl)  per  cent,  by  weight.  Like  otiier  spirits,  rum  is 
very  largely  an  artificial  protluct  of  akiihol,  water,  and  fliivoring* 
known  as  mm  essence.  One  of  the-te  consistn  of  1 S  jiarls  of  butyric 
etbrr,  2  each  of  nectio  ether,  cbscuco  of  vanilla,  and  cjwsence  of  violet, 
and  90  of  alcohol.  Another  crtnsiats  of  32  parts  each  of  rum  ether 
and  acetic  ether,  8  of  butyric  ether,  16  of  exCniet  of  witfron  and  one- 
eighth  of  oil  of  birch  cut  in  strong  alcohol.  The  rum  ether  required 
ia  a  product  of  distillation  of  alcohol,  nulphuric  acid,  ])yrolig»eoas 
acid  and  black  oxide  of  m.-ingnnesc.  Prune  juice  is  also  a  common  ad- 
dition to  factitious  rum  for  iltt  flavor  and  color. 


OIK. 

Gin  is  an  alcoholic  liquor  flavored  with  juniper  berries  and  a  wide 
variety  of  other  subslanoes  including  eardimiom,  coriander,  cassia  buds, 
rolnniiK,  orri«,  angelica  root,  orange  peel,  lii«inw  powrlcr,  and  sugar. 
It  should  contain  about  40  per  cent,  of  alcohol  and  not  over  il  per 
cent,  of  total  residue  including  sugnr. 

Liqueurs. 

LiqaeuKfOr  cordials,  are  manufactured  compounds  of  alcohol,  esscn- 

*  PrmJ  (jiiril  is  itvlinrd  bv  an  acl  of  I'arlinmi-nt  nn  n  diliiUtl  i<|>lrit  w1il<!li  iit  '^l*  F. 
•hall  v«j{l<  •'iiu'i.ly  ivrrivc-iliinn'iiilih  an  [iiiioh  n>  an  c^iiitl  inrmnircnf  dUlilled  walcr. 
^it  coMaiM  lialf  it»  tvliii»<>rifnlL-ulii>I  iif  *\i.  icr.  O.Tiia'.iiii  iiri"  F..  »r  ^C.''  |mt  oent.  hr 
'■If  or  G7.?7  per  ocnt.  tiv  Totiitnc  of  iiIhuIiiIc  nlcolinl.  [is  t[i,  er.  U  l).!)l'Jt4t. 
and  uniliT  tiinnf  mmn  Uiat  >  ipirll  h  MlninicfT  or  nivikcr  ihiin  pnmf  t|iirii.  unit 
UlCCXOM  "I  ilrlli-iriicy  h  vxprtt^ni  nH  bo  iiiiiiiv  lU-^rrvn  •iVfT  »r  iiiiili>r  pmoT.  Tlic  ul- 
iMIiiilil.  for  DXAdiple.  %j  iinil«r  pronf,  iiK^aris  llinl  Oie  npwinir;!  I'unniRlH  of  S-'i  |inrtH  of 
wtttt  lad  T'^  n(  pniof  tpirit ;  iSarrr  proof  inpan*  ihnt  100  paru  miijr  be  ililiilol  wilfa 
XS  of  mtcr  to  liriii);  ii  to  tb«  itrenglb  of  prtX'l  spirit. 
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tial  oils,  oano  siignr,  and  ciilurint^  iiiuttcr.  They  contain  iMimlly  about 
40  per  cpnt.  of  alcohol  by  weight,  and  from  25  to  50  per  cent.of  oaoa] 
sugar.  The«(iI<iritigH  lire,  iisariik',of  vt-gctabli^  origin,  Imt  .sometimes 
the  coal-tur  colora  are  employetl.  In  the  Hinal I  amounts  in  which  they 
are  consumed  at  any  one  time,  they  c&n  hnrdly  t>e  looked  upon  as  espe- 
cially Iiurmful  ouUide  of  their  ulcohulic  content.  There  is  one,  how- 
ever, very  lately  consumed  Jilutwl  with  water  as  a  "  long  drink." 
tltat  appears  tu  exert  a  decidedly  deleterious  eRect  upon  the  nervoiia 
eyalem ;  namely,  absinthe.  The  evil  effects  of  this  dnnk  are  by  some 
attributed  to  the  oil  of  wormwood  (AiirmiitH  afitinUiiitm]  and  by  others 
to  the  Hlar  anise  (IfUciuin)  both  of  which  are  among  the  numerous  in- 

H^lients  u^d  in  its  miinufHeturi^. 

Where  the  blame  lies  is  of  no  great  consequence,  the  drink  being 
one  which  should  he  .■•haiined  above  all  uthertt  as  a  poL^n  without  re- 
ganl  to  the  innocuouttness  of  most  of  its  constituents ;  hut  it  is  unlikely 
that  itA  disastrous  efftK^ts  are  due  to  wormwood,  which  as  a  drug  has 
little  or  no  action,  and  which  cnterif  into  the  composition  of  EDothcr 
drink,  vermuth,  which  enjoys  a  good  repulatioo.  This  is  in  no  aenae 
a  ciirdial,  liut  for  convenience  may  be  here  described.  Vermuth  i8  a 
fortified  white  wine  in  which  certain  herbs  and  other  vegetable  matters 
have  been  infused,  'flie  oniiiiary  Kreneli  vermnth  is  rinde  from  worm- 
wood, bitter-or.inge  peel,  water  germander,  orris  root,  chamomile,  Peru- 
vian bark,  aloes,  oinnanimi,  nutmeg,  eentjuiry  and  ras|)bt'rry,  but  very 
tn.tny  other  Mubfitunces  are  used  by  diQereut  makers.  The  fresh  prod- 
uct has  a  very  pronounced  flavor  which  is  mellowed  by  age. 

The  wines  most  used  in  making  French  vermuth  are  from  the  Ill>ono 
Valley,  Picpoul,  and  from  the  southernmost  parls  of  France.  The 
Italian  vcrmntli  ditUrs  materially  from  the  Fn-nch ;  it  is  a  much 
weaker  infusion  with  a  far  more  bitter  taste.  The  materials  used  are 
in  the  main  the  (*ame,  but  they  ari.-  employed  in  very  different  propor- 
tions.    Vermuth  contains  about  17  per  cent,  of  alcohol. 


Section  6.     CONDIMENTS.    SPIOES  AND   BAKERS* 

CHEMICALS. 

Tlie  condiments  include  a  large  number  of  food  ocoeasories  which, 
while  they  are  themselv^  of  no  nutritive  value  in  the  amount.t  which 
it  is  possible  lu  cat,  serve  a  very  useful  purpose  in  imparting  6avor, 
and  in  stimulating  appetite  and  digestion.  Among  them  are  some 
which  act  through  free  acids,  some  through  volatile  oils,  some  through 
resinous  matters,  and  one,  perhaps  the  most  im)>ortaot  of  all,  oommoa 
salt,  through  itwlf  alone.  Some  are  simple  anbstanct^  ;  as  vinegar,  salt, 
and  the  spices  ;  while  others  are  combinations  of  a  number  of  ingredi- 
ents bU-nded  iu'eortling  to  definite  and,  as  a  rule,  aeeret  formulas ; 
sauces,  chutncys,  catsups,  and  curries.  Only  when  these  compounded 
articles  contain  snb.itanoc8  injurious  to  liejilth  can  ihcy  be  reganletl  as 
lultcratcd.  The  tomato  entsups  are  very  commonly  preserved  with 
licylio  add  or  other  preservativoif,  and   colored  with   auiltn  dyes. 


Thus,  of  2S  sunplcs  of  diffvrent  makes  examiti«cl  la  1897  hj  tb«  h«alth 
antborities  of  San  PraaotRco,  20  ouiitaincd  !<nlicy1ic  iKid,  2  conUiiiKHi 
tfau  ngent  togvther  with  borax,  and  1  contatuoil  formuliQ  ;  1 6  were  arU- 
ficiatly  colored,  mostly  with  ooa]-tar  oolors. 

VUAHQAB. 

Vin<>gar  u  n  weak  sohitioo  of  aoL^tic  acid  rt-sulting  from  Uiu  aootouH 
fenneniation  of  sacciiariiie  solutions  which  Iiave  already  uudergone 
ftlcoholic  fi;rmvii  tut  loll.  It  (■uiit!iiii><  in  iidilitiuii  to  ttt^^ir  acid,  ^^niiill 
and  tmimjMinant  amuunts  of  alcohol  and  aldehyde,  and  cstrai'live 
■natters  in  varying  amouni.'t  lu'Cording  to  the  iiHiurc!  of  llie  original 
liquid.  The  acetic  acid  contained  is  the  product  of  oxidation  of 
alcohol  tbrougli  the  agency  of  mgoodemn  itveti,  a  fuiigu.'*  which  fortui; 
what  ia  known  a»  the  *'  mother  of  vinegar."  Thus,  the  change  from 
sugar  to  acetic  acid  involves  two  sejiarate  fermentative  eliangt^  through 
tbe  agency  of  tw«  dilTcrcnt  orgiinisms,  uaeeharmni/or*  txrevWwc  and 
mjfcoderma  aedi. 

There  are  scveml  kinds  of  vinegar  in  common  use,  m  follows : 

Older  Vinegar. — In  this  country,  cider  vinegar  is  very  generally 
rcgiirilcil  a's  tlw  moiit  deViraMo  kind.  It  eontaJus  uo  aldehyde,  alx>ut 
4.&0  to  5.5U  per  cent,  of  acetic  acid,  marked  tracer  uf  malic  acid,  and 
about  2  per  cf  nt.  of  total  residue,  or  "  cider-vinegar  Holid.s," 

Wine  Vinegar. — In  wine- prod iicinjj  countries,  llie  vinegar  in  com- 
mon use  is  made  from  the  cheaper  kinds  of  wine.  It  has  color  or  not, 
aooording  to  the  kind  of  wine  from  wiiicli  it  \»  luiule.  The  so-culled 
white  wine  vinegar  in  common  use  in  this  country  among  our  foreign- 
born  p«ipuhilion  is  a  quite  colorlci<!t  prndiict  of  ihi?  nxtdation  of  dilute 
spirits.  Wine  vinegar  contains  rather  more  acetic  acid  than  cider 
vinegar,  liiii  i!ir  h^s  reHidoe. 

Malt  Vinegar. — In  Kngland,  which  is  neither  a  cider>producing 
nor  a  wine-producing  country,  tbe  \'inegar  in  commonest  use  is  made 
from  a  wort  prepared  from  malt  and  unnmlled  grain.  It  is  less  strong 
in  acetic  acid  than  the  vinegars  already  descrilied,  but  commonly  con- 
taiiu  Hulphuric  aci<l  which,  uudor  the  Knglish  law,  is  a  permissible 
admixture  to  the  extent  of  not  exceeding  0.10  per  cent. 

Molasses  Vinegar. — A  very  large  (mrt  of  the  domestic  supply  of 
vinegar  is  maiuifactured  from  fermented  molasses.  It  is  made  to  imi- 
tate cider  vinegar  in  color,  and  la  very  commonly  sold  under  the  name 
if  that  article.     It  yields  about  the  same  amoinit  of  acid,  hut  ie  very 

Sdent  in  residue.  The  latter  has  a  very  bitter  taste,  and  after  com- 
plete ignitiot]  yields  an  usli  containing  no  potnxeium  salts,  while  that 
from  cider  vinegar  gives  a  decided  indication. 

Spirit  Vinegar. — Spirit  vtncgiir,  aW  known  as  "  Quick  Procc9»" 
vinegar,  is  made  from  diluted  alcohol.  The  process  used  is  the  same 
■s  titiit  employed  in  the  making  of  malt  vinegar  and  molasses  vinegar. 
A  series  of  suitable  vats  is  constructed  and  filled  with  beech  or  birch 

ivings  or  twigtt,  which  by  appropriate  treatment  become  coated  with 


mt/nodiTmattfrti.     Tlio  iilc^ilioli?  liqiitil  U  nllowedio  percolate  Uimiigti 
anil  in  its  jmssago  llie  alcohol  ia  transformed.     The  temperature  of  the] 
room  i.t  iiiaititiiii)i!<l  iii  iilxnit  70°  F, 

Adulterations  of  Vinegar. — The  princi|>al  adultorationsorvinc^^ 
are  Llu>  ail<ltlioii  of  milfr  and  the  ^iloring  of  infenor  gnidvii  so  that 
ihcy  miiy  he  sold  a^  cider  vinegar.  Where  laws  are  in  foroc  establish- 
ing.' Ktandarils  ot"  addity  and  residue  for  cider  vinegar,  a  vtrj-  cfimtaon 
fnuiil  is  IIk'  ixMition  of  i-idcr  jelly  or  of  a  preparation  made  from  apple 
pomace  to  a  eheap  vinegar  of  the  proper  strenglh,  colored,  if  neoeflsary, 
with  oanniiel.  Hneli  eouiponnds  nlways  show  but  sliKhl  or  no  rtAO ' 
tiim  when  tested  for  malic  aeid.  The  addition  of  mineral  acids  is  not 
a  coniiimii  prjii'lici-  in  this  country. 

Examination  of  Vinegar.  Acidity. — To  G  cc.  of  the  Epccimen  tn 
a  porcelain  cu!48<>role,  add  a  few  drojM  of  plienolplithalciii  i^oliilioii  and 
about  20  cc.  uf  distilled  water.  Titrate  with  decinormal  sodium  br- 
dmxide  solution,  adding  little  by  little  until  the  appearance  of  a  faint 
pink  «j|oruiion.  Th«  number  of  ec.'s  of  the  roupent  uswl,  divided  by 
1(1,  equals  the  percentage  of  ab.iolnte  acetic  acid, 

Realdue. — Evjifwrali.'  ■'>  gninw  in  un  luvtirjitt'ly  wi-iphod  pintinunii 
di^h  to  complete  dryness  over  boiling  wat«r.  After  the  residue  15 1 
weighed,  il.  may  be  ignited  fijr  its  yield  of  lisli. 

Genuine  cider  vinegar  should  give  no  more  than  a  faint  cloudiness 
on  l)eing  te-sled  with  nitrate  of  silver  and  chlori<h>  of  barium  (absienoe 
of  mon;  than  traces  of  chlori<les  and  sulphates)  and  should  yield  s 
fairly  copious  precipitate  with  .'wdution  of  .tubat^tate  of  lead  (preeeooe 
iif  nmlic  nciti).  The  residue  should  not  taste  hitter  (alwcnee  of  com- 
mel). 

Cider  vini^r  tn  which  water  has  been  added  i»  likely,  according  to 
the  nature  of  the  water,  to  show  more  than  the  usual  results  on  testing 
for  chlorides  and  Aulphates,  and  tn  yield  notable  traces  of  lime,  Mo- 
ItistK-s  vinegar  generally  yields  marked  indications  of  lime  satt«  and 
more  or  less  pronounced  odor  of  rum. 


UGMON  JtnCE  AND  UME  JUICE. 

Lemon  juice  is  tlic  cxprcsseiljuiccof  the  ripe  fruit  of  Citnu!iimonuM,\ 
It  is  »  somewhat  turbid  yellowish  liquid  with  a  very  acid  taste  aod 
slight  ngrewible  odor  dne  in  part  to  the  pt\'»entT  <if  a  small   iniec  of] 
volatile  oil  from  the  rind.      It  should  contain  about  7  to   10  per  cenL  < 
of  citric  acid  and  should  yield  from  0.r>n  to    1.00  percent,  of  aiiK. 
Its  specific  gravity  should  be  nut  less  than  1.030,  and  is  usually  ubovai 
1.010.     As  it  is  quick  tn  undei^  deeoniiKtsition  in  its  natural  cou-j 
dition,  a  numWr  of  mctliod.-i  have  birn   propusi.fl  for  its  preservation, 
the  best  of  which  apijcars  to  Iw  lirst  to  clarify  it  by  means  of  strong 
alcohol,  next  to  filter  or  th-eant  from  ihe  procipitnli'd  mattent,  and  then 
to  e.x|M-l  the  alcohol  by  heat.     The  clear  juice  ciui  then  lie  bottled  and 
8tori  lilted. 

I^me  juice  is  the  expruMd  juioe  of  the  sour  liiuc,  Gtriu  acula,  and 


of  the  swpct  lime,  C.  UmtHa.  It  contains  nsuaJly  somewhat  leea  acid 
than  IviDoii  juice,  and  liai>  a  lower  .ificcific  gravity.  It  is  pnwcrvcd  by 
Ute  SBtnt.'  mothtHl. 

As  nDtii<(^oTl■lltictl,  lemon  juice  and  lime  Juiee  arc  of  about  equal 
Ntiluc,  iiml  fnr  superior  to  vincfpir. 

Adoltcratlons. — •Iieronn  juice  is  much  more  subject  to  adulteration 
than  lime  juiec,  but  Iwtb  iirc  extensively  fiditincd  iind  imitntcd.  In 
faxA,  it  would  not  be  overstating  tbo  ease  to  say  iliat  by  far  the  laiTier 
part  of  ihv  Icmoi)  jui<M^'  !wld  in  tliis<'<inntry  w  wholly  r;ictitiiiu><.  Com- 
monlr,  it  is  nothing  more  than  nn  aqueous  solution  of  citric  acid  % 
M>metimv]|,  it  \»  flavored  with  oil  <if  lemon.  Iti*  (astv  \*  nmeli  nliur[MT 
and  lees  agrecublo  than  that  of  the  genuine  urticle.  The  r»^idue  is 
ven-  difFi^reni  in  cfaaraeter  and  appearance,  and  leave!)  practically  no 
will  on  ignition. 

Other  acids  are  sometimes  used  in  place  of  or  in  addition  to  citric 
acid.  Tl»e  ni08t  commonly  employed  in  wid  to  be  tartaric ;  this  is 
readily  detected  by  the  gradual  formation  of  bitartrate  of  potas§ium  on 
•ddition  of  (he  acetate.  The  mincnil  »cid.-i  art- KiiJd  to  he  not  infre- 
quently added ;  they  are  detected  without  difficulty  by  the  cwmmon 
tatM. 

SALT. 

The  b«t  grades  of  common  »ult  are  white,  dry,  free  from  dirt,  and 
completely  Holuble  in  water.  Many  siiecimeiia  of  good  quality  contain 
tnfics  of  cidoridc  of  magnivium,  which  cau^it  csiking.  In  humid 
weather,  the  beet  of  salt  absorhe  moiitture  sufficient  in  amount  to  cause 
i(  to  low  it«  dry  powdcrj-  nature.  The  itddilion  of  about  10  per  ccut. 
of  corn  starch  serves  to  keep  it  dry  and  powdered. 

IinSTAAD. 

HiMtard  ift  the  flour  of  the  seed  of  the  black  and  the  while  mustard, 
SSnnpia  nii/er  and  .9.  alba.  Tlie  first  mentioned  is  much  the  more  pun- 
gent of  the  two ;  on  being  wet  with  water  a  volatile  oil  \»  d<'Velopcd 
frwn  two  of  its  oonrtitucnia.  The  white  miwtnr<l  yiehls  no  volatile 
oil  by  this  treatment,  but  develops  an  acrid  principle.  Iloth  varieties 
of  (M*d»  eonlain  a  bland  fixed  oil  to  the  extent  of  20-2'>  per  i-ent.  As 
this  adds  notlting  to  the  flavor,  makes  grinding  more  difficult,  and  ex- 
«rt8  an  inJurinuN  iufliifnoe  on  the  keeping  qualities,  it  i.«  brat  removed 
from  the  whole  s^ds  by  presBurr. 

Mustard  is  very  subjwit  to  adidleration  with  wheat,  rice,  and  com 
flour,  with  the  further  addition  of  turmeric  to  riwtore  the  color  lost  by 
dilution.  These  substances  are  very  easily  detected  by  means  of  the 
micn«coi>e.  Furtliermon.-,  iiinw  wtarcli  is  wholly  absent  from  pure 
mustard  flour,  if  a  small  portion  of  a  suspected  sample,  boiled  in  a 
little  wat4>r  in  a  te»t  tube  and  cooled,  gives  a  blue  or  bluii^h  black 
color  CO  the  addition  of  compound  iodine  solution,  it  is  unquestionably 
»du  Iterated. 
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F£PF££. 

Pepper  is  tbc  fruit  of  Piprr  nitfrttm,  a  ]iercnninl  climbing  shi 
The  unripe  berries,  dried  for  several  days  after  being  picked,  are 
«.*   Bliiok   IVpiwr.     Tlift   ripeni'd   berries,  drinl  and  decuriiciitrtl,, 
known  as  White  Pepper.      In  the  powdertil   form,  Jn  which  tiwy 
mo»t  oommnnly  ri'taili'd,  botli  are  very  extensively  adtdleratcd 
subBtances  of  a  harmle!^s  nuture.     These  include  f;TX>und  ^ipbi 
comracal,  cncoanut  nhelbi,   rice,  buckwheat,  oatmeal,   muatard  hi 
chiirwinl,  olive  stoucB,  and  a  vuriety  of  other  8nl>stances  of  little  ori 
value  capable  of  being  reduced  to  powder. 

The  simplest  in(-tho<I  of  det'-rniiiiin^  th<^  purity  of  tlii^  or  any 
form  of  Bpice  is  to  reduce  a  specimen  of  the  genuine  unground  •nl 
stance  to  powdered  form  and  study  its  appearance  under  Ujo  mieroncop*, 
and  then  to  compare  it  with  the  stiraplciii  question.  Eflcb  kind  Iwii* 
eharaetcristie  apix^irance,  and  so  with  a  littk'  practice  one  is  enabliO  m 
determine  very  quickly  the  question  of  purity.  ]Jy  a  simitar  stmij  rf 
the  microscopic  appearances  of  the  common  adulterants,  these  can  be 
readily  idcutilicd  in  the  mixture.  The  chcuiical  analysis  is  iiitrioM 
and  tedious  and  not  always  conclusive. 

CLOVES. 

Cloves  are  the  flower  bud*  of  Eugenia  earyophyUata,  picked  wUldj 
red  and  dried  in  the  snn.  They  contain  about  Itt  per  cent,  of  volstiln 
oil  (»i«ily  removed  and  of  oonMdemble  value.  In  the  powdered  fonn, 
cloves  arc  commonly  adulterated  with  allspice,  clo%'c  stems,  *(*■!!( 
cloves,  coeoanut  shells,  and  other  worthless  matter.  The  pn'senreof 
sprat  cloves  can  be  determined  only  by  estimation  of  the  amount  of 
volatile  oil  present.  Clove  stems  show  mieroscopically  a  very  larg* 
proportion  of  the  so-called  »tonc  cells.  Other  sul)«tiiuc««  are  dctwwi 
in  the  manner  already  described  under  Pepper. 


CINNAMON  AND  CASSIA, 

Qnnamon  is  the  inmr  li:irk  of  ChiiinmwiMm  zei/lnnicttm.  Cassia i 
the  bark  of  aevend  g[K>cii-s  of  (JiHmvnomiim.  In  the  unground 
cinnamon  is  thin  and  delicate;  cassia  is  thick  and  coniparaliv 
coarse.  Cinnamon  is  the  richer  in  volatile  oil,  and  for  this  reason  i 
because  it  is  much  less  abundantly  found,  is  considerably  more  etf 
»ivc  than  ttissia,  Grtvnud  einniunon  is  practiodly  never  found  in 
market,  the  substance  sold  under  that  name  being  almost  invarii 
cassia.  The  common  adulterants  of  cassia  include  ground  shjpbr 
nut  ebells,  and  cedar  aawdust. 

ALLSPICE  OB  PIUENTO. 

Allspice  is  the  dried  unripe  berries  of  Piun^i/n  oJfutijtalU.     Altli 
one  of  (he  cheapest  of  spices,  it  is  extensively  adulterated  with 
shipbread,  charcoal,  nut  shells,  clove  sterna,  and  mustard  hulls. 


BAKING  POWDERS.  Ifll 


QIHOEft. 


Gingrr  i*  the  rhiajme  of  Zingitter  o^icinn/e.  It  is  one  of  the  most 
oomtoonly  adulterated  of  cx)i)(liin«iit«.  Thv  8u1)hIuik!os  used  include 
^ntiintl  ^hipbread,  rice,  mustard  hulls,  cayenne,  turmeric,  cornmen], 
cliivn  vtcms,  imd  cx)>auHtoi)  ginp;t'r  from  the  nmuiifucturcuf  Ihu  tiucture, 
it  i*  very  rich  m  starch  which  is  very  easily  ditTerentiBted  from  other 
BtarcheA. 

NUTUXa. 

Ifnbacg  is  the  inner  Itfrncl  of  llir  fniil  of  M^n»tica  fragrant.  It  is 
not  commonly  sold  in  the  powdered  condition,  but  when  so  M>Id  is 
generally  ndultvratcd  with  the  »ub8tanccs  URed  as  admixtures  of  other 
spices. 

MACE. 

Mace  is  the  dried  membranoufl  co%'ering,  tl>c  arillode,  of  the  nutmeg. 
It  is  addtrniied  witli  wild  mace,  <»niroeal,  and  othercheap  materials. 

OAYEinrE  PEPPEE. 

Cayenne  is  not  a  trrie  pepper,  but  the  powderwl  poda  of  several 
spevits  of  Capmeam,  incUiding  (',  annunm  and  C.  Jtiniu/mlum.  Its 
appearance  under  the  micro!ico|>i.-  is  ver%-  characrteristic.  The  common- 
est adulterant  is  cornmenl.  Among  others  are  rice,  mustard  hulls, 
tartDcric,  and  ground  shipbrvad. 

BAKlVa  POWDERS. 

Baking  powders,  like  condiments,  ar«  in  no  sense  foods,  hut  being 
employed  in  tlie  prc])uration  of  brend  in  which  arc  retained  the  ulti- 
mste  products  of  the  reactions  of  their  component  parts  upon  each 
ollker,  tlicy  are  of  some  hygienic  interest.  They  are  employed  for  the 
production,  within  a  short  time,  of  a  result,  w)iieh,  when  caused  by  the 
action  of  yeatt,  is  only  slowly  brought  al>out ;  namely,  the  li-uveniug  of 
br«id.  YwMtt  produei*  the  Iejivi;iiiiig  gaw,  enrbun  dJo.xide,  tlirough 
slow  fermentation  of  a  ]>art  of  the  carbohydrates  ;  while  with  the  use 
of  baking  powders,  thii>  gu«  is  dtitengaged  as  a  result  of  chemical  action 
of  one  of  the  constituents  upon  another  in  the  presence  of  molnture, 
Ukd  dicmind  p>ul)Htiinccfi  foreign  to  yen.Ht-lcuveni.'d  broad  arc  left  as  a 

siduum  in  the  bread.  Whether  this  residuum  ii^  objectionable  on  the 
of  its  influence  upon  the  syiitem,  depends  u[)0u  the  nature  of  the 
tDgredients  of  the  powder ;  but  oeidG  from  the  question  of  disadvantage 
or  inferiority  on  this  account,  it  is  a  fact  generally  aekimwledf^'d  that 
bread  made  with  baking  ]Miw<ler  is  lucking  in  u  certain  agreeable  flavor 
developed  by  the  action  of  yeast. 

Baking  powdem  arc  combinations  of  an  noid  or  acid  salt  with  sodium 
bicarbonate  in  about  the  proper  proportions  for  chemical  union,  to- 
gpllter  with  an  amount  of  .ttarch  ituffioieiit  to  keep  the.  iugrLHlients  In  a 
dry  Btate  and  hence  mutually  innctive.  When  the  combination  is  in- 
trodoovd  directly  into  the  flour  and  water  is  ad<led  to  make  the  dough, 
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the  rPHction  occurs  and  cjirliott  dioxi<lc  is  set  Iree.  Tbey  arc  knoi 
aoconlJTig  til  the  nature  of  the  acid  ^It  a.-*  tarlrat«,  phot<[>liatc,  mid  alv 
powders.  Tartrate  powden  arc  tisiially  made  with  "  cream  of  lar 
(potassium  hitartrate),  but  occasuonnlh' with  tartaric  aoid,  whi(-h  is  i 
only  nioix-  cxpi-nsivi',  Imt  uliji-ctionaWc  from  u  practical  stundpuinli 
aocount  of  its  readier  solubiliiy,  which  cause'*  a  too  rapid  i^vi)hiliGDi 
gas.  The  reaction  which  oeeiirs  between  potuwiuin  bitartmtc  nndi 
dium  bicarbonate  has  as  rc>iults  cnrbon  <lio]cide,  water,  and  jwt 
Bodium  tartrate,  or  "  Uochellc  salt  ";  as  follows  : 

KUC.n.O,  +  XiiUCO,  =  KSaC.nA  +  00,  +  H^ 

The  coniniereiiil  iidvoi-ates  of  other  kin<l8  of  [wwdent  dwell  upon  I 
undesirnbllity  of  ajierient  substances  in  bread,  but   the  r«iiiduun) 
Koehclle  etalt  in  the  amount  of  bn»d  which  one  cnn  eAt  in  n  day  woQ 
be  very  much  under  the  minimum  dose  &om  which  any  results 
be  expected. 

Cn-ani  of  tiirtar  «»  retailed  is  verj-  commonly  adulterated  with  prp-' 
BUD],  chalk,  alum,  and  starch,  but  as  furnipihed  (o  the  nianufaetun-rbf 
the  refiners  it  eontaiui*  bnl  a  very  small  percentage  of  a  normal  im- 
purity, tartrate  of  ealeium.     The  usual  chemical  teats  an<i  microt 
examination  reviiU  fraudulent  adulteration  very  quickly,    GtH^)  gp 
mens  contain  at  lea*t  94  per  cent,  of  bitiirlrate,  and  two  deci^ 
diaiolved  in  hot  water  and  titrated  with  deeiuormal  sodium  hydrox 
require  for  complete  neutralisation  not  less  than  10  nor  more  than  lOJ 
cc.     The  presence  of  a  small  amount  of  tartrate  of  calcium  is  of  i 
Hiiiitnry  imjtortance  whalj-ver,  slatenients  to  the  contrary  in  fidvertigia 
matter  notwithsttinding. 

The  phosphate  [Mtwders  are  made  with  acid  phosphate  of  caleju 
which  contains  onlinarily  more  or  less  sulphate  as  a  natural  inipc 
The  reaction  witli  sodium  bicarbonate  is  expressed  as  follows  : 

C«U,(  PO,),  +  2.V11UCO,  =  Caliro,  +  Na,HPO.  +  200,  -(-  2ri/X 

There  is  no  well-grounded   objection  to  the  use  of  tins  clui 
powders. 

Alum  powdei-s  are  made  usually  with  burnt  ammonia  alum  nndi 
very  large  amount,  frei[uently  as  high  as  ."30  per  cent-,  of  starch  "I 
ing,"     Their  leavening  [>ower  is  almost  invarial)ly  far  below  that 
tartrate  and  phosphau-  powders  of  good  tjuality.     The  cheapest  di 
of  powders,  the  sale  of  which  is  promoted  by  accompanying  gifts* 
"  premiums "  of  cheap  crockery  and  glass^  are  made  with  alum 
the  muximuni  amount  of  filling. 

The  reaction  between  burnt  alum  and  sodium  bicarbonate  is 
pressed  us  follows : 

( Nll.i,AI,(  SO.).  +  CXonai,  =  AI,0,H,  +  8N«^,+ {NH,),SO,  +  600,. 

Wbether  the  alum  exerts  any  injurious  effect  upon  the  bread  it 
sod  whether  the  resulting  hydrate  or  any  excess  of  ulum  has  any  1 
^  xy  importunce,  arc  questions  which  have  been  the  subject  of  extci 
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flontroveisr.  Witliotit  reprrxliicing  the  argiinicnU  and  MniinH  of  Ijoth 
Hides,  it  inu«t  be  wild  timt  iho  wvigtil  of  aoicrntilk-  cvitU'ncv  is  dt-ciilodly 
kgaiost  the  employment  of  alum  in  the  making  of  bread.  Some  of 
th(MC  who  b«licv<r  aliiiiiiiui  to  bo  harmlt'-'^M  in  t)iu  umounlx  consumed  re- 
gard powders  containing  both  alum  and  potassium  bitartrat^!  as  bif^ly 
objit'tioniiblr-,  ihi;  I'limpli-U,-  prvcipitiilion  nf  nliitninii  bi-inf;  prvvi.-ntcd. 
Povrder&  contnining  alum  iind  acid  pha»p]iat«  arc  also  held  tn  be  objec- 
tionablt^  on  acoonnt  of  the  fornmtioii  of  aluminum  phoHpliali-,  which  is 
suppoevd  to  inhibit  gastric  digestion. 

In  addition  to  sodium  bicarlxinato,  ammonium  carbonate  is  more 
or  leas  UM<1  os  n  source  of  leavening  gu«.  While  this  agent  when  sd- 
mioialered  therapeutically  may  exert  a  marked  temporary  inllueuce, 
the  amount  umc<]  is  quitv  too  small  to  be  in  any  way  hurtful  to  tho 
system. 

Thfi  amount  of  8tan;h  Riling  u»ed  in  making  baking  ]Hiwdcr8  is 
very  variable.  The  best  grades  contain  considcrnbly  under  '20  per 
oent.,  and  anything  over  that  amount  may  rightly  be  regardcMi  us  in  the 
nstarc  of  u  a  necessary  and  frsu<lul(int  dilution. 

Section  7.     FOOD  PRESERVATION. 

Foods  of  n  perishiible  nature  are  prcvicrvod  in  many  different  wnyg, 
but  not  all  methods  are  equally  sppltcuhle  to  all  foods.  Thiiii,  freezing 
and  salting,  while  well  suited  to  meat^  and  liiO),  can  liardly  he  employed 
witi)  fruit  and  vegetables  ;  and  p^cse^^'ution  in  sugur  syrup,  while  well 
adapted  to  fruila,  is  not  suited  to  meatt*.  The  mt^thod.^  in  general  use 
include  the  employment  of  low  temperatures,  dcsicciilion,  suiting,  smok- 
ing, canning,  and  chemical  treatment. 

Oold.^Kor  the  bcjtt  rwults  of  pr<"«erviition  by  cold  it  i«  not  always 
essential  that  the  food  shall  be  frozen  ;  but  unless  the  temperature  to 
which  it  i*  exftoiK^d  U  ne^ir  or  bi!low  the  frt'exing  (Mint,  the  advunlage 
i»  only  tcmponiry.  Packing  in  ice  serve*  very  well  for  short  periods  of 
time  .sufficient  to  enable  one  to  ship  mt';it4  and  fi^h  througli  long  di«- 
taDCGS,und  to  keep  them  in  satisfactory  condition  lor  rousonnble  periods 
\a  the  home:!!  of  the  oonaumer^.  There  are  several  metlmds  of  apply- 
ing eohi  on  n  large  scale  in  ejdd-i*toragi-  w  an -hi  nine*,  ocejm  atvumers, 
and  public  markets,  the  principal  one  being  known  as  the  ammonia 
prow.TiH  by  means  of  whitih  any  desire<l  tem|»eratnre  down  to  0°  K.  can 
be  obtained  with  but  slight  fluctiintiiin,  pruvidetl  the  walls,  floor,  aud 
roof  of  the  .space  occupied  are  rendered  non-conducting  by  hair-felt, 
air  spttoes,  and  other  means.  Ments  nnd  finli  are  preservi-d  indelinitely 
and  without  deterioration  when  frozen,  but  must  not  he  allowed  to  thaw 
•od  fn^vzc ;  eggs  and  fruits  may  be  kept  many  months  in  dry  air  at 
just  above  the  freezing  point. 

Tbc  ailvantag<-s  of  cold  iu«  a  pn^erving  agent  are  tliat  unlike  any 

other  it  involves  neither  the  abstniction  of  any  constituent  of  the  food 

nor  the  addition  of  any  foreign  mutter ;  it  neither  imparts  a  new  Ijisto 

nor  alters  tho  natural  flavor ;  it  causes  neither  u  loss  of  nutriment  nor 
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dimiiiUIiixl  t3igc«tibility  ;  nn«l  on  tho  willidruwal  of  iU  influence  Uic  nut- 
terial  is  left  in  lis  original  condition.  It  must  be  said,  however,  that 
afUr  rratorntion  to  tliu  nnturnl  condition,  the  keeping  qualities  appeor 
to  bv  aomewhat  impairetl,  and  in  conscquoticc  tht-  makmil  niii«t  be 
uoed  within  »  dhoi't«r  time  than  is  the  case  with  similar  fresh  food  that 
lias  not  been  frozi^'n. 

Drying. — Drying  is  efficient  according  to  tlio  thoroughneas  of  the 
prow'jw.  The  moihod  i«  not  bo  well  adnptcd  to  mcatt*  n»  to  vogvtiiblee, 
since  it  leads  to  more  or  less  loss  of  the  niitural  flavors  which  are  likely 
to  be  roplBCfd  by  others  less  agroonbli*  in  rharacler.  Dried  meat«  (ire, 
moreover,  coDeidcrably  Ices  digestible.  When  tlioronghly  dried  and 
properly  Rtored,  botli  meat.-*  and  vegetable  jirodiictA  can  he  kept  with- 
out limit  of  time.     Drying  does  not  insure  safety  against  parasites. 

Salting. — lu  the  proce^H  of  salting,  the  soluble  organic  oonatituents 
of  meat  and  fish  are  in  hirge  part  removeil,  and  the  fibers  Ix-cooie 
hardened.  The  nutritive  vahie  and  digestibility  are,  therefore,  oor- 
rcispoiulingly  diminished.  Brine  Halting  »f  6i^h  it  one  of  the  oldest 
processes  of  preservation  known. 

Smoking. — Smoking  consists  in  ex])OMng  the  meat  or  fi»h  to  (be 
action  of  the  smoke  of  wood  fires  after,  us  a  rule,  a  preliminary  salt- 
ing. The  eximsed  niiit^rial,  aln^ady  deprived  of  part  of  it**  natural 
moisture,  becomes  still  further  drii^^l  and  ts  partly  penetrateO  by 
acetic  acid,  creosote,  and  other  prertervative  element"*  of  smoke.  In 
the  quick  smoking;  procK-Ks,  the  meat  is  brushed  over  with  or  dipite^l  into 
pyr<>]t;;nenus  acid  at  definite  intervals,  and  finally  dried  in  the  air. 

Cannitig. — In  1804,  M.  Appwt  of  Pari»  discovered  that  mpnt«  and 
other  foods  in  sealetl  vessels  would  keep  Indefinttoly,  if,  after  being 
sealed,  they  were  kept  fur  an  hour  in  boiling  water.  In  1810,  be 
introduced  the  method  of  sealing  the  vc^isel  af\or  the  heating  process 
has  driven  out  the  air  and  replaced  it  with  steam  so  that  when  cooled 
a  vnrnum  is  furniwl.  At  the  pre>*ent  time,  the  ohiof  niethiKl  followed 
is  to  pack  the  cans  full  and  close  them  completely  excepting  a  small 
hole,  then  to  subject  them  to  the  temperature  of  boiling  water,  or 
higher,  and  close  tliu  hole  with  solder.  They  arc  then  reheated  and 
finally  alliiw<'d  to  eool. 

Much  has  been  said  for  and  against  this  method  of  preserving  foods. 
The  chief  objections  have  been  that  the  natural  acids  of  the  foods  may 
corrode  the  inner  surface  of  the  can.-'  and  form  metallii;  sidts,  and  that 
teme  plates,  that  is  to  say,  sheet  iron  or  steel  coated  with  an  alloy  of 
two  ])art«  of  k-ad  to  one  of  tin,  may  lie  n.sed  instead  of  tho  bu^t'cpialily 
of  tin  plates.  As  to  the  latter  objection,  while  there  is  in  tliis  country 
no  legal  n.wtriction  as  to  the  charaeter  of  the  tin  emph>ypd,  it  is  a  fact 
that  tcroe  plates  are  never  iisetl.  With  regjinl  to  the  possibility  of 
corrosion  of  the  metallic  surface,  it  must  be  admitted  that  not  only  tlie 
very  acid  foodx,  but  even  those  wliieli  tire  iieutnil  and  even  nikaline  in 
nutction,  will  almost  invariably  yield  traceis  of  tin  ;  but  there  is,  at  the 
same  time,  absolutely  no  evidene(>  that  ttie  »mtill  amount  pr(!S<>nt  in  the 
entire  eontents  of  a  can  is  enpable  of  causing  the  slightest  injury. 
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There  are,  it  is  true,  iiumoroiis  cusoh  of  [misoning  reporto<l  ns  <lm^  lo 
m^tnlliv  contamination  of  canned  fooiiB,  btit  not  one  of  tho§e  winch 
liuvc  fallen  undor  the  view  nf  ilio  aiitlmr  will  Mnnd  tin-  t<«t  of  oxclu- 
!ii<in  nf  other  imsfiible  :iud  more  proliubk- riiikcf.  Of  theHmnll  amoiintit 
of  tin  found  in  (.tinniil  foods,  l*rofei«»or  Attfield  Mi_v-i  tlint  ihev  are  iin- 
dtnerving  of  serious  notice,  and  tjucetiont;  thtit  they  rtprcsi'nt  the 
amount  rt'gulnrly  worn  off  of  liii  sauce  pans  and  kettles.  Furthermore, 
it  is  the  nearly  unnntmoui^  opinion  of  wrilfrr"  of  wurUs  on  loxicoIuRy 
tliat  tli«  only  compounds  of  tin  that  are  in  any  way  poisonous  arc  the 
chlorides,  and  even  tliesc  are  cHnipIelcly  ignored  hy  most  of  the  lead- 
ing authorities. 

On  tlie  other  linnd,  there  is  no  limit  to  tlie  testimony  regarding  the 
very  great  value  of  «inned  foodi-,  c»fwciiilly  in  mililsiry  operations  on  a 
laivc  «cnle  and  cX|K-ditionN  of  variouit  kinds  away  from  market  centers 
and  other  souroce  of  supply.  Llenteuunt  Grei-ly,  Dr.  NauHon,  and 
utiipr  Aretic  explorers  are  unanimous  in  their  praise,  Greely,  for  ex- 
ample, says,  "  No  illness  of  any  kind  iirnirrtsl  pritir  to  onr  n-trcat,  and 
tlvkW-  ntost  inclined  to  canneil  fruits  and  ve)^taliles  were  the  hoiilthiest 
and  slrongtal  of  the  ]«irty."  I^ord  WoU-!«lfy,  in  ^jimking  of  their  inw- 
fnlneas  in  hot  climates,  says  that  "  tinned  provisions,  meat  or  vegetables 
put  up  separately  or  (.Yimbined  in  tht-  form  of  soujis  are  praetically  nn- 
aamageable  by  any  rllmutic  heat ''  providetl  they  are  of  tlie  best  (puility 
and  have  Iwen  prt:)periy  cooked  and  eifelosed  in  jK^rfeclly  sound  air- 
tight tins,  "  Given  these  condition!*,  nothing  can  )fe  more  adniinible  ; 
fiiiling  them,  nothing  more  deleterious."  In  military  operations  in  the 
tropics,  where  beef  aitHe  cannot  ho  taken  along  on  the  hoof  and  re- 
frigerated beef  cannot  be  Iransportcil  overland  on  account  of  speedy 
deconi[>»f>ili»n,  canned  nieuin  are  <(uite  indinpensahle. 

How  long  properly  canneil  f'xids  will  remain  in  good  condition  cun 
hardly  be  determined,  but  the  evidence  at  hand  points  to  indefinite 
preser^'ation.  In  1821,  according  to  Letlieby,  a  number  of  tins  of 
mutton  were  cast  ashore  from  the  wreck  of  a  ship  at  Prince's  Inlet ; 
eight  years  later  llicy  were  foini<l  by  Sir  John  Xiixw,  and  those  wliidi 
lie  opened  were  found  to  be  in  go<id  condition,  although  exposed  dur- 
ing this  lime  to  altcrnati^  freering  and  thawing.  Sixteen  yeant  aller- 
ward,  tbey  were  again  found  by  men  from  the  ship  LircnHi/ator,  and 
la  1868,  forty-four  years  from  the  time  tbey  were  cast  ashore,  the  re- 
maining tins,  opened  by  Dr.  l.etlieby,  were  founri  to  be  in  ii  |H'rfeclIy 
•ouud  state.  Tvndall '  makes  mention  of  tins  in  the  Itoyul  Institution 
that  had  remained  in  good  condition  Dixty-three  years. 

Profeasor  A.  M.  Chester  of  Humilton  College  relates  that  in  the 
wimmer  of  IST-ri  he  hid  n  number  of  tiins  of  corned  beef  under  a 
atump  in  some  Moods  in  the  norlbcru  purt  of  Minnesota,  anti  live  years 
later  found  them  to  be  [K-rfi-clly  sweet  and  good,  although  they  had 
been  expnsed  to  alternate  heat  and  euld  of  five  suiices^ivc  t^iininicrs  and 
winters.  Again,  a  number  of  cans  of  meat  and  fniit,  washed  into  the 
Genessec  River  in  I8tii,  were  dug  out  of  the  mud  t^ixteeu  years  ater 
ind  found  to  be  unaltered. 

■  Floaling  Mullen  iu  the  Air.  Nvw  Vork,  1882,  p.  303. 
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tact  that  the  viipidiU'  of  8omc  of  our  tor^ 
to  the  canning  of  wliat  is  praotimlly  refa 


It  is  »ii   iiiifiirtniiuk- 
paoking-houso-i  lias  led 

niuit  from  wliioh  the  (■niixtitiKMiU  to  whii-h  iht^  di'Kinit)li-  tluvoni 
due  have  ben'ii  extnictcil,  und  thut  in  euiifieijiieiii^e  the  public  mind 
become  largely  imbued  witti  a  prcjudion  ngiiiiiitt  caiini^}  iiieatH  in  p 
eral.  But  it  i«  not  alone  in  this  cotintry  that  ciinni^l  mcate  arc  mo 
times  not  what  they  purport  to  be.  It  is  reliited  that  in  Franoc^ 
180!i.  u  |Kickcr  of  nuvita  «iis  scntcnciii  to  pay  !i  Hnc  and  to  sci 
eiglit  months  in  prison  for  putting  upon  the  market  an  immense  muoi 
of  (tanned  gnnie  and  jmnltry,  nil  of  wliich  had  been  mndv  from  (lie  fli 
of  brokcn-tlown  cab  horses. 

Chemical  Treatment. — Cliemieal  preservativm  are  stilMtancei 
cond>iniitiou<i  addt^tl  to  foo<ls  wrib  the  object  of  delayinp  or  prevent 
their  dei^rtmi>ofliiion.     They  are  Uf>ed  on  the  ai^uniptinn  tluit  «rk 
tlioy  awriHnplisb  ihi-  desinv?  objiTt,  they  are  in<»ip)ible  of  cxcrtiiif; 
harmful  influenoe  upon  the  system  of  tlie  consumer — an  asiinnipt 
tlmt  hiiH  not  l>een  denmn)itml4>d  ait  capablv  of  ]iroof.     It  is  n^'! 
that  bfid  ct!ts.-ts  cannot  be  cfiiised,  bcaiu^  they  arc    not    manifeetfd 
nnoe  after  the  ingestion  of  small  diwe-i  by  jwr^on.*  in  good  huullb; 
thi«  is  no  pnwf  thut  »>ntinued  uiw  may  not  result  in  serious  tnii 
whieh  may  be  referred  to  some  other  pi^ssihle  cause. 

It  in  «ti(l   thiit  the   pn'pnmtionN  omployeil  urc   in  common  UM 
vaUiable  remedies  in  the  treatment  of  ihc  sick  ;  but  it  miut  be  tsk 
into  con.iideration  that  when  tme^l   as  n.'nic()i<7(  in  morbid  conditt 
they  art-  given  only  for  a  limited  time  for  the  purpose  of  cotnil 
acting  abnormal  influences,  and  that  tlie  dnseii  are  carefully  n?fpil: 
under  pnijH-r  professional  «n|K^rvii<ion.     Their  action  in  condition* 
health  and  diseuse  may  be  very  different ;  but  whether  sn  or  not,  i 
eun  banlly  lind  nny  t-xense  for  the  ingestion  of  curutivo  remrd 
by  a  person  in  a  state  of  henltb,  whose  system  needs  no  sueh  aid, 
indefinite  periods  and  with  no  regulation  of  the  size  of  the  dose. 

Salicylic  acid,  for  fxumplc,  is  a  remedy  holding  a  high  poaitioa 
tile  treatment  of  rhenmatifim,  but  its  value  in  this  condition  la 
valid  cxcnw  for  its  nilniiuistrntion  day  in  and  day  out  to  those  v 
have  never  felt  the  twinges  and  pain  of  this  affliction.  It  i» 
more  liiir  to  assume  that  dnigti  which  exert  a  ]M>werfni  influenc« 
good  in  morbid  jut^ites  will  exert  an  equal  degree  of  in6uenoe  for  hi 
in  conditions  of  health.  Moreover,  it  is  to  be  eonsiderinl  that  thcohj 
of  chcmiciil  treatment  of  food»  is  not  to  bcuelit  flic  unconscioiu 
sumer,  but  to  bring  the  largest  possible  financial  return  to  th« 
factnrer  and  purveyor,  to  whom  the  health  of  the  consumer  is  a  mat 
of  tittle  concern.  In  all  fnirneiis  to  the  consumer,  cbenii>-;illv 
ocrvL-d  foods  should  he  so  labelled  that  the  pureh:i.'>er  niny  l>o  infoi 
of  the  nature  an<I  amount  of  the  added  Hubstanra,  so  that  tho»e  ■ 
object  to  the  dietetic  use  of  drugs  may  not  have  them  forced  Ml 
them  without  their  knowledge. 

The  addition  of  prc!wr%-a lives  to  foods  offered  for  sale  is  forbidd 
■vilized  countnes,  and  several  govcriim«iit«  huve  enacted 


FOOD  PRESERVATION. 


197 


inlljr  (liTOCtod  «giuii«i  individtial  druf^  Tliui;,  Fmiicc  nnmcs  boric 
acid,  borax,  salicylic  acid,  and  nodiuru  bisulphite ;  Austria  nanieH  sali- 
cylic odd  ;  Germany  pruliibit.'*  iill  aiitijtcpticx  iiiiil  cs[K-eiiilly  iforic  ucid 
and  bonitce,aDd  im|tnses  additional  penaldca  for  the  sale  oC  chcmically 
jireservtd  foods  to  (Iw  navy- 

Tht'  Eubetanoes  used  as  chemical  preservatives  include  boric  acid 
and  borax,  Mtlicylic  acid,  Aiilpburou.'*  acid,  siil|>hiti.'!>  and  iiiilpluiKts, 
bcusoic  ucid,  furmuldcbydc,  hydrogen  pcrnxide,  sodium  fluoride,  and 
others  of  minor  imiwrtancp.  Many  nf  tlie  coinmereial  preparations 
ill  ontninon  itf«c  arc  conilvi nations  of  two  or  mure  of  theitc  and  other 
fiubslanceri.  TTius,  Veiizke  and  Sehorer'  report  the  ingredients  of  ;IS 
niMit  ]irw«rviitivt«  analyzed  by  thftn  as  fuUows:  Salt,  siif^r  nnd 
8alt])c(er  (1),  salt  and  sodium  sulphite  and  sulphate  (4),  sodium  sul- 
phite and  Kiilpluilc  (-1),  tht'  simic,  pliM  sugar  iind  salt  (1),  isnlt  and 
sodium  bicarbonate  and  nitrate  (1),  salt,  boric  add,  siiltpeter  and  sodium 
sulphate  (3),  mH,  lioriu  m;id  and  sodium  Aulpbatt-  (I),  salt,  boric  acid, 

Igypeum  and  sodium  sulphate  (1),  salt  unil  boric  ncid  (({),  salt,  saltpeter, 
soclitim  and  calcium  sulphates,  and  rochini>al  (I),  salt  and  Itorax  (1), 
Kilt,  bomx,  and  saltpeter  ('2],  suit,  l)onix  and  Mxlium  nitrate  (2),  salt, 
borax,  sodium  and  calcium  tmlphates,  and  salicylic  ni'id  (1),  borax  and 
togar  (2).     Tlic  hidimec  consisletl  of  siuf^Ic  substant^s. 

A  Ui^  proportion  of  24  meat  preservatives  examined  by  Kammerer 

^were  found  to  be  mixtniVH  of  lH)nix  iind  boric  m-id,  and  bnmx  iind  w- 
dtura  sulphite ;  :tl  others  examined  by  Kionka  were,  its  a  rule,  sodium 
gidphite  and  Hulpliate,  but  14  liijtiid  pn-|>anitions  conitistcd  chiefly  of 
calcium  Hiilpbitc  and  sulphate,  and  sodium  sulphite,  bisulphite  nnd  snl- 

[pbate.  Kirchmaier  has  reported  one  as  consiHting  of  salicylic  acid 
nnd  wMlinm  isdicyliitc  and  plmspltate.  Polcnske  found  iMiric  acid 
(about  W  Jier  cent.),  sidtpeter  (almut  12—14  jier  cent.),  sugar,  salt,  and 
•odiiun  salicylate  (al>r)nt  7-^0  )ier  cent.)  In  a  specimen  of  siuisn|rc  salt 
and  in  a  number  of  other  preparations  sold  under  fancy  names.  Of 
■even  other  meat  preservatives  exnminMl  by  him,'  one  amtained  salt, 

I  sodium  eulphlte  iin<l  sulphate,  Iron  cblondc,  and  vanillin,  and  the  rest 
were  combinalioD»  already  described. 

A.  C.  Uiapman^  has  rc|»orted  a  most  cutmordinary  combination  of 
aluminum  sulphate,  salt,  sodium  nitrate,  benzoic  acid,  iodic  add,  sul- 
phurmis  ikcid,  nnd  chloral. 

Another,  examined  by  Tollner,  proved  to  l>e  ammonium  bromide, 
liorie  acid,  liorax  and  .■•ugtir.  Another,  known  as  "  Mayol."  c^mtnined 
wood  alcohol,  ethylic  alcohol,  boric  acid,  ammonium  fluoride,  and  gly- 
cerin. Meats  preserved  by  means  of  it  are  said  tn  show  no  trace  of 
boric  neid  or  ammonium  fluoride  bcneatli  the  brown  coating  M'liich 
forms  to  a  tlepth  of  a  millimeter. 

In  this  oiiimtry,  the  favorite  mixture  \t  one  of  borax  and  borie  acid, 
and  this  is  sold  under  many  different  names. 


'  DpiiLitlip  Kleiwhcracitnnp,  t8M.  XXl.,  N'oB.  20,  21  nnd  M, 
'Arlwifn  aiu  dcm  kaiaiirliclicn  ((c>un<lti«ilKniiit«,  VIU,,  [i.  6S6. 
>AiMlv»t,  li«c,  l(H>a. 
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Boric  Acid  and  Borax. — These  substauoes  are  ge»a«lly  used  togelh 
for  the  iraitfin  thai  thniigh  ibe  acid  has  greater  ]wwer  »»  aii  untw 
than  tlie  salt,  the  combiniitiou  of  tbc  twu  u  sdll  more  effic-ient.  It  I 
iiitiHl  ijuito  txtctiMvely  in  butter  to  the  extent  of  n)M>iit  a  t«flth  of  i 
ount-c  to  tbc  fxMind,  and  is  <li^p<>iiMed  with  ii  gv:H'ruii8  hand  in  ojs 
claniH,  and  other  lish,  in  Bansagca  and  other  meat  prodncta,  and . 
milk. 

With  r^;ard  to  the  ctTccts  of  boric  acid  and  bonuc  on  the  bj 
there  is  a  dfci'Ieil  difll'renoe  of  npinion  iuiiong  tlioso  who  have  iiiv« 
gat«d  the  subject,  but  it  must  be  said  that  a  number  of  the  repaid 
favorable  to  the  u<n^  of  these  agentii,  publi.«hc'd  by  comnK-rcial  hv 
suggest  that  the  couclu»iou8  urrivcd  at  were  somewhat  iuspired 
linauaal  considerations.     Our  knowledge  nf  jHxiiMe  ill  effw-U  U  ■ 
rived  chiefly  from   the  clinieal  oxiwrifncc  of  those  who  ha\e  tiMxi 
drugs  iuterimlly  and  as  washes  and  injections.     It  is  a  fact  tliat  ma 
patients  can  take  lari^  do.so:*  nf  biitli  subatiincet!  for  lon^  period* 
no  apparent  harm,  but  it  is  equally  true  that  small  doses  and 
uppliciittOTiM  bavi:  l»e('H  a  fiivjui'iil  oau.-<f  of  i^criou;*  nnil  even  fatal 
suits.      Deaths  have  been  reported  from  the  use  of  5-per-cent,  solatia 
in  wit'«liingoiii.  th(>  picni'nl  eiivity  anil  liitu1)ariihsi-i>>i*0M, and  from' 
iug  out  a  stomach  with  a  iKiliition  of  half  that  strength. 

Very  numexous  oasejt  of  Irotibiesome  cutaiieons  eruptions  and 
serious  gastTo-intostinnl  <)i>«turbauce«  following  internal  and  extcrnnl  i 
have  been  reported  within  recent  years.     Plant '  has  shown  that  tliei 
ti^rnal  use  may  be  followed  by  ncnto  piin-ncliymatouit  nfphritis,aiMl  I 
ci>nclusions  have  been  endorsed  by  the  experience  of  F^rfi,  roentio 
below. 

In  187C,  the  admixture  of  borax  to  butter  was  officially  sanctia 
in  Franee,  but  st-von  years  later  a  eoinniiltee  of  seiontist»,  who  ia\ 
tigated  the  matter  with  r;rcat  care,  concluded  that  continued  ir 
is  likely  to  canse  detorioi-ation  of  the  blood  eorpuseles  ;  and  when 
what  later  this  was  confirmed  by  the  iiivcstijpitions  of  Pouchet,  the  i 
of  borax  was  prohibited  by  the  government  not  only  in  butter,  but! 
all  articles  of  fowl.     In  18!J1,  the  subject  was  pR'»cnt*'d  by  the 
mogton  Vestry  to  Sir  Andrew  Clark,  Sir  Henry  Thompson,  and 
fes»or  Lauder  Brunton,  who  eoncurreil  in   pronouncing  boric  ncM 
lanre  doses,  or  in  small  doses  taken  for  lung  periods,  as  dangerooij 
health.     The  I^eat  Oovcrnnicnt  Hoar<l,  in   1S91,  rcjmrtcd  lliat  «h 
large  doses  are  undoubtedly  injurious,  they  had  not  suflicieut  evi<i 
to  hold  that  minute  amounts  added  to  foods  can   affect  tbe  sj 
harmfully. 

As  is  well  known,  borax  has  been  exten.'iively  used  in  the  treat 
of  epilepsy  an<l  other  diseases  of  the  nervous  »yst<-ni.     Pnifessor 
C.  Wood  states  that  in  his  experienee  the  most  marked  result  fn>m! 
use  in  thin  dln-etion  was  severe  ^istro-inte:stinnl  irrilalion.     Dr.  Fi 
of  Paris,  has  given  a  valuable  report  of  his  results  in  the  trealineat 

'  Inaiiffam]  diiwrriiitioii,  WurtbiifK,  1889. 
*Bevu»  <I«  M<!ilicine,  Srpiamber,  1896. 
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122  ca-tGs  of  epilepsy  by  tbU  drug,  which  waa  given  in   beginning 
^OMft  of  80  grnini'  incivaaiHt  to  ii»  much  as  Kvc  drachms  ii  day. 

In  over  70  per  cent,  of  the  caites,  tlio  treatment  hud  no  beticRcIul  re- 
•mlt ;  in  iibout  20  [ht  ci-nt..  Home  t«m)M)rary  nr  doiilitfiil  improvi'mRnt 
'vras  seen  ;  and,  in  U  per  cent.,  then-  was  distinct  gnin.     But  tlic  great 
<lravrbuclc  was  the  rrvipiency  of  toxic  elfeotA  and  the  danger  of  pro- 
ducing ur  aggravating  li-sions  of  thu  kidneys  even  when  given  in  small 
doses.     Among  the  most  eommun  resnlLi  were  lo>)<t  of  appetite  and 
bnming  pain,  followci)  by  niiti«cn  and  vomiting,     (.'iitaneontt  aft'ections 
were  very  common,  and  complete  baldness  was  not  Infrequently  caused. 
<Thijt  result  has  becu  notiil  by  many  other  priK^titioners.)     In  some 
caseft,  a  cachectic  condition,  characterizLHl  by  waiting,  a  waxy  tint  of 
tlio  skin,  piifliafiss  of  thn  face,  and  evi-u  general  tederua,  watv  oli^'rved. 
In  a  number  of  esses  of  gonernl  ccdcuia,  iiricmia  developed  with  some 
sudden  tiuts. 

Dr.  Urumpelt '  ha«  rcport<.-d  a  caxo  in  which  headache,  nimsea,  and 
inten-^e  dryness  of  the  akin  followed  the  use  of  an  injection  containing 
a  tablc^poonful  of  boric  ncid  to  the  pint.  The  etl'ects  disappenrcd 
with  cessation  of  the  treatment,  and  came  on  again  with  its  renewal. 
Dr.  •!.  J.  Kvans'  lia^  linind  im  a  cuniinon  n'!«uU  of  contimnHj  use  of 
boric  acid  in  cystitis  and  urctbritiii,  an  erythema  followed  by  dcsqua- 
nution.  Internal  d.<m»  of  10  to  20  grainH  twice  daily  for  Rve  weeks 
caused  in  one  instance  total  buUiness. 

Kx(»-rimentJ*  on  man  and  animals  by  Professors  Mattern,  F5rster, 
Cbitt^^'nden,  and  Schlcnker  have  demonstnited  thcit  boric  acid  and 
borax  interfere  with  digestion  and  mitrition,  Mattern  reported  pro- 
found di«turlmnce  in  dog*  ufler  a  few  daily  doses  of  fi  grains ;  dinrrhcea 
and  other  signs  of  gastro-inle^tinal  irritation,  and  in  some  instances 
even  fiitnl  n«iill.i  were  caii.-xd.  lie  hiuiaelf  took  .'10  grains  und  nnf- 
fered  violent  alidominul  poin  and  iliarrhaa.  Forster  and  Schlenher 
have  tdiowii  that  dt^es  ui  K  grains  have  a  decided  effect  in  preventing 
absorption  of  niilriment  nnd  causing  intc^'Fttimil  irritation. 

Dr.  Anuett,  of  Liverpool,  li'd  a  number  of  kittens  with  milk  eon- 
laining  20  grains  of  boric  acid  to  the  qnart,  and  all  of  them  died  in 
an  emaciated  condition  at  the  end  of  the  third  or  fourth  week. 

As  to  Ihc  effect  of  th(»>G  agentd  on  the  ditlerent  jirocesaes  of  iligcfr- 
tiun,  there  is  no  agreement.  Chittenden,  for  example,  believes  that 
l>orio  iv'iA  increami'*  the  digestion  of  proU-IiU,  niid  that  even  25  per 
cent,  will  not  check  gnstrlc  digestion  of  egg  albumin.  lie  has  noted 
also  a  marked  stimulant  elfLirt  on  puncreatic  digestion  of  proteids  fol- 
lowing the  ti.-c  of  borax.  LelTniann  and  B«im  und  others,  however, 
buve  observed  effects  directly  contrary  Xn  those  re]>orIed  by  Chittenden. 
( 'liittcndi-ti's  lirst  experiments  wcru  miide  to  determine  ihdr  {K>:4siblo 
indncucc  n|>on  ihe  processes  of  salivary,  gastric,  and  pancreatic  diges- 
tion. He  calhi  attention  to  the  fact  tlmt  his  roatdts  throw  no  light 
upon  the  influence  of  the  agents  upon   the  secretion  of  the  digestiva 

■  Britiitt  Modiral  Joiinial,  Jnii.  7,  ISDff. 
MUdem,  Jul.  26,  I8«9. 


fluids.  He  sbows  that  borax  inhibits  the  action  of  ealivn  on  starch, 
hikI  boric  acid  in  small  amnunta  inoivawit  it  and  aliw  the  power  of  the 
gastric  juice  to  digest  protcids.  Ijitt-r  ex  peri  men  Is  by  Chittenden 
oud  (lies'  lead  them  to  the  <uufliision  that  llie  twosiihmaiices  have  no 
peculiar  action  on  nutrition,  mid  that  since  elimination  tn  ctim|detc 
within  3S  houre,  the  possibility  of  oumulative  action  must  lie  verjr 
small  even  when  itiodenit''  amounts  are  infjested  daily.  h 

Considering  the  many  re|3oris  of  untoward  results  of  large  and  smallf 
medicinal  du^'^  and  from  alisurptiuu  <if  buth  ii^'iiti'  from  hind  appli- 
cations, aud  the  positive  cvideucc  of  injury  through  feeding  cxpcri- 
meotA  on  the  lower  animnU,  it  fteem.s  not  unrcasonalitc  to  ooncludo  that 
the  daily  iugextion  of  viiriable  aiuounltt  in  fuoda  and  drinks  for  all  ages 
eaiinot  lie  whiilly  free  fmui  (ibji-iti<in.     A   vi'ry  common  practice  ia 
tiiG  addition  of  tlur  eombinution  or  either  of  its  oonstitiient«  to  milk  lof 
the  extent  of  one  part  in  5110  or  1,(H'0;  a  pint  will  therefor*  contain  a" 
fnir-8i/.ed  adult  doi<i>,an  amount  which,  taken  twice  or  more  limes  daf 
ing  each  day  by  a  bottle-fed  child,  can  hardly  fail  to  have  some  vffee^m 
not  wholly  for  It.-«  wi-U-being.  ^ 

Salicylic  Acid. — LSalicylicacid  is  more  efficient  than  borax  aud  boric 
add  as  a  preservative,  hut  cannot  lie  su  generally  u»(^l,  becnusic  of  in  ^ 
lendency  to  cause  unpleasant  llavors  in  foods  having  a  bland  taste.  Itfl 
in  eslenaively  used  in  jams,  jellies,  t^imato  eatnups,  bottled  beers  (es- 
]H'cially  lluwe  from  Oerumny),  the  heavy  beer;- innocently  «jnsume<l  by 
total  abstjiiners  under  the  name  of  "nmll  extracts,"  fruit  juioefi,  soda- 
water  »ynip!<,  cider,  winc«,  aud  other  wicclmrine  ])repniiilions,  and  pre-j 
served  vegetables.  Concerning  its  objectionable  nature  as  an  additic 
(o  ftmls,  [here  is  prairlical  unnnimity.  It  not  uuty  i-\ertH  an  inhibitory] 
action  on  dige&tioM,  but  net.s  also  us  an  irritant,  esfK-eially  to  the  kid-i 
neys,  by  which  or^Tiiis  it  is  excreted.  Its  addition  in  any  <iuanlity  toj 
articles  of  food  or  drink  is  exprerisly  forbidden  in  many  Kiiropeun  anit] 
South  American  countries.  Its  addition  to  beer  and  other  articles  ic 
tendi'd  for  export  is  [uTmitted  in  Germany. 

Salphitea. — Sodium  sulphite  and  bisulphite  and  sulphurous  acid 
uiwti  more  or  lews  cxtcujiively  for  pn-scrvuig  meat,  lierr,  wine,  and 
vegetables  and  fruits  put  up  in  cans  and  glasH  jars.  The  latter  sliould 
t)cc<l  no  ])rfsirrvative  if  pro))erly  put  up,  but  they  arc, nevertheleiu),  often 
treated  with  these  and  other  agents.  .Sendtner  has  found  from  2G.4  to 
4M;J.(i  nnlligrams  of  sulphurous  acid  in  '■i'i  Ri>eeimens  of  vegetablea  in 
bIhss.  Kammeror  and  oiIkt)!  liiive  reportetl  various  amount:*,  ranging 
Irotn  3  1o  2r>(>  milligrams  per  liter,  in  red  and  white  wiucs.  In  this 
country,  it  is  not  uncomniunly  present  in  canned  corn  which  hiu  been 
bleached  thereby  and  hence  improved  iu  appearance.  ^ 

The  must  exlensive  invesllgution  of  tlu-  elfeois  of  the  sulphites  oo^ 
tho  system  is  that  of  Kiouku,'  who  has  shown  that  in  practical  doses 
tlmy  have  an  injurious  etfeot  on  the  heart  aiul  central  nervous  system 
of  cold-blooded  animals.      With  H^irm-blooded  animals,  he  found  that 

'  Sf  w  York  Mwlipul  Joiimiil,  Fill,  ifi.  1«18. 
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la:tge  doses  exert*  mnrknl  And  eoinrtimcs  fatnl  poieonoiis  idion,  nnd 
tbat  small  doets,  loog  continued,  aSect  serioueily  the  circulation,  lungs, 
and  kidiif)'!*.  Dufjs,  M  upon  umtt  Ircatfd  witli  nnidimls  rcoommendcd 
for  prcstTvuiivo  purposes,  were  very  seriouiily  affected. 

Sodium  Aulpluti-  i.-<  vt-rv  commonly  ukccI  in  vmumi^'S  and  chopped 
incut  (Huniburf;  sicuk)  botii  us  a  preservative  and  (o  cnu§e  the  bright 
red  eolor  of  the  Treeih  meat  to  be  relaiiieil  iiindtered.  Cliopjted  meat 
IteefM  ils  color  but  ii  very  short  time,  and  as  the  purchaser  will  not 
&cKvpt  it  when  not  bright  red,  the  veniior  is  driven  tomnkeitsap|>ear- 
anoe  acncplnhl**.  Thus,  the  (>iirclin*iT,  insi^tiu);  njwn  hnviuK  what  to 
his  eye  is  freshly  chopped  wholesome  meat,  may  be  served  with  stale 
meat  containing  a  ntoi^t  uiidi>virabK'  elicniicnl  prexerviitive.  In  1899, 
the  Imperial  Board  of  Health  of  Germany  forlHule  the  use  of  Budium 
sulphite  in  fuodii,  henniNC  of  it.s  dungeroim  prujH-rlii'H. 

FonnsMshyds. — On  account  of  its  property  of  hanlcuing  tissues, 
formaldehyde  does  not  lend  ilwlf  to  general  usen.'ia  fixjd  prejtervative. 
Fish  and  meals  arc  rendered  so  hard  by  vcrj-  dilute  sulritions,  even  1 
to  5,000,  as  to  he  <juile  worthless  coraniercially.  It  is  most  commonly 
used  in  milk  and  other  lii|uid?>,  and  acts  nio»ft  eflicicntly  in  delaying  ind 
preventing  decomposition.  Its  use  in  milk  is,  however,  far  from 
oommendable,  for  tlioufrh  (■(Ticieut  nM  n  prcser^'atjve,  it  alien*  the  chiirao- 
t«r  of  the  protcids,  which  are  thereby  made  less  digestible. 

The  casifin,  when  precijiitatcd,  dne^  not  )4t-[Hinitc  in  fine  clotH,  but  in 
longli  liciivy  cnnis,  which  yield  only  with  much  resistance  to  pcp»in 
and  hydrochloric  aeid,  Weigle  and  Merkel '  have  shown  that  the 
proteidit  arc  made  much  lew  digtwtlble,  and  tlieir  eonchisioiis  arv  iu 
agm.>ment  with  those  of  most  investigators  of  the  subject.  Bliss  and' 
Xovy,'  after  a  most  cnrr-ful  and  cxhanstive  inijuiry  into  the  elTocts  of 
f^mialih'hyde  on  the  digc^itive  ferments,  found  that  Jicpcin  and  trypsin 
have  diminished  action  upon  fibrin  which  hiw  Ueu  altered  by  it  in 
very  weak  itolntiou ;  that  casein  is  rapidly  altered,  anil,  us  a  result,  is 
not  coagulated  by  rennet  or,  at  be-st,  very  slowly,  and  is  not  readily 
digested  by  the  prol<Nj|ytic  fenncnt»f ;  and  that  pejwin  and  rennet  are 
themselves  not  affected  by  fairly  strong  (4-  and  .")-per-eent.)  solutions 
acting  .several  weekit,  I'epein  wiw  found  to  be  very  quickly  affecled 
by  vert'  dilute  solutions,  trypsin  to  be  nffeeted  according  to  the  amount 
of  organic  matter  prcwnt,  and  amylopisin  and  ptyulin  to  be  not  de- 
gtroyed  by  vcrj-  dilute  solutions.  The  latter  were,  however,  found  to 
be  destmyed  by  strong  s()lulions.  Feeding  ex|w-rinieiit.H,  conducted  by 
I)r,  Anuett  with  kittens,  dcnmnst rated  that  as  the  uiiiouut  mixed  with 
the  milk  was  increased,  the  retarding  action  on  their  development  was 
more  marked. 

Formaldehyde  is  said  to  favor  the  conversion  of  atareli  to  sugar  and 
to  obstruct  alcoholic  fermeiitntion.  It  in  not  a  piii^iin  in  the  ordinary 
Acnse  of  Ihc  term,  but  it  is  very  irritating  to  mucous  membranee.  It 
b  doobtlesa  the  most  |K>wcrful  of  all  thi^  antiseptJ(». 


■  FonchanKitbcricliIc  illwr  tjiVi(Tnmiiiit.'l.  rie.,  IStrS,  II.,  p.  Bl. 
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Hydrogen  Peroxide. — Tliiit  ageoL  is  reoonmii^ndt^  an  tlie  least  dug 
oas  of  all  chemical  preservatives,  and  is  Uiuufflit  by  some  to  exert  i 
dcl(.*icriini»  vftV-cjt  wlmU'ver.     It  in  well  adapted  for  use  in  wine, ' 
and  fruit  juices.     Oue  part   id  ii  ttRniisiiinl  is  suid  to  prevent  etitir 
the  alwiliolic  ft-rmi-iilation  nf  gliieonie  floluliona,  and  in  sonievrhat 
amounts  to  prevent  tlic  furmution  of  lactic  aeid  in  miik. 

Sodium  Fluoride. — So  far  sa  b  known,  sodium  fluoride  exert«  no  [ 
sonoiis  action,  butitsetlVct  on  difre^tinn  liiu  not  l)cen  Ihnmngtily  studjd 
Ferret '  a-saerts  that  it  has  adecided  iuHuence  tn  inhibiting  the  d«v« 
raent  of  lactic  and  butyric  fiTinenls,     lining  him.'*(-lf  and  a  number] 
dogs,  he  undertook  a  eeriee  of  feeding  experiments,  and  concluded 
from  that  Uie  salt  is  in  no  way  poLwnoua  and  may  lie  o*wi  wit 
danger  an  a  f(K>d  presorvativc.     Spi^cimenii  of  milk  containing  ti 
in  1,000  and  keptalUS"  ('..  remained  unchanged  longaftf-r  the  coot 
had   become  coagululcd.     A  dcwu  tubes  ol'  milk  containing  it 
planl«d  with  butyric  ferment,  and  another  dozen  containing  unit 
milk  Himilarly  planted  were  kept  aide  by  side  at  38*  C. ;  on  tJM  i 
following,  the  latter  were  coagulated,  but  the  former  were  uncban 

Subcntjirieous  injwiiidus  of  the  sail  to  the  extent  of  0.08  ^^ram 
kilogram  of  weight  caused  in  it  dog  some  salivation  and  diurews; 
larger  do^ejt  cjiu.s<k1  marked  italivation,  diuresis,  thirst,  and  refii 
food.  Inlmvenotis  injoctions  of  0.10  ]>cr  kilogram  caused  imme 
rise  of  pulse  and  re.*|iir3tion,  followed  by  abundant  ^livntioni,  tan 
convulsions  and  death  in  .l-j  minutei*.  Letriuaiitiand  Beam'havei 
that  sodium  fluoride  interferes  but  little  witi)  the  digestion  of  star 

Sodium  fluoride  ap])cars  Ut  be  weak  tin  a  general  preserviitive,  I 
preventa  alcoholic  fermentation  completely  when  present  to  the  exM 
of  1  part  in  2,000.  The  fluorides  and  hydrochloric  acid  are  u.<ied! 
some  brewers  for  the  prevention  of  undesired  fermentati<)n8. 

Sodium  Blcai1]0Qate. — This  agent  seisms  to  hi:  as  little  objectioD 
as  any,  but  it  i»  very  weak  in  its  preservative  action  and  is  too  Jnel 
for  general  use.     It  is  somewhat  used  in  Sweden  in  conjunction 
sugar  fur  meat  and  fish.     A  more  common  use  is  to  overcome 
ning  acidity  of  milk;  against  this  is  ui^^ed  the  ])os.sibiIity  of  pu 
eficcts  in  iufant<«,  through  tlie  Modium  lactate  produced. 

Svction  8.     CONTAMINATION  OF  FOODS  BY  HETAUJ 

Not  infrequently,  ifmail  amounts  of  metallic  salta  aro  pre^wint  in  fo 
either  through  accident  or  by  rejwon  of  intentional  admixture  for  a. 
dcHnitc  end.     The  must  common  are  comjwundH  of  copper  and  of  U 
and  these  are  regarded  as  of  grciitiT  hygienic  importance  than  tlie : 
of  xine,  tin,  and  nickel  ixviisionally  present. 

Copper. — Cop|xT  gjiins  entrance  through  tlie  improper  use  oft 
ing  utensils  of  bi-ass  and  wipjicr,  and  through  the  use  of  '\t»  salt, 
gnjcniug  peas  ami  other  vegetables  ("  reverdissage  "),  and  for  imi 

■Annalmd'IIvKieiuictac  MAIii-in*  I^r^c,  June,  1898,  p.  ^ST 
'Juurnal  a(  the  rrMiklin  Iiuijtulc,  1890. 
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■ng  floiir  of  inferior  grade.  Cop|)er  aiid  \n&a»  kcttW  yiold  Kmall 
nninitiiu  lo  aci<],  fntty.  nml  utlior  foods  ulluwcd  to  stand  in  them,  spe- 
cially if  Uic  oontcDts  are  espoaetl  to  the  air.  Tbeir  yield  is  iiiut^li  gix-jiItT 
if  llicy  iin;  itol  \iv\>i  tlioi-onglily  cli'Sin  and  well  polislii-d.  Lclinijiim  ' 
found  3i>.S  milligrams  of  copper  ia  a  liter  of  brutli  made  in  a  brass 
ve88cl  and  idlowcd  to^tiind  24  hour!",  R.7  nigr.  in  100  co.  of  nmcid  fat 
allowed  to  ataud  two  weeks,  21  mgr.  in  a  liter  of  sour  wine,  and  IJl  in 
the  ;itune  volume  of  vinegar  iiftcr  24  hour».  Mair  has  ri'portod  24 
mgr.  in  a  liter  of  rice  t>oup  al\cr  24  lioiirs. 

The  use  of  copi>er  for  greening  vegetablei  is  exceedingly  vomnion. 

It  nerves  no  nscfnl  purpose  other  tlinn  to  pli*a«c  thu  eye.     Tbe  peas  or 

other  vegetables  are  boiled  in  n  very  dilute  solution  of  copper  sulphate, 

dniiii<*<l,  wiwhtd,  and,  fiually,  put  up  in  caiii*  or  gliijw  jurs.     Tin-  arti- 

6cial  color,  which  is  often  muc'li  niorc  intenttely  grt^cii  than  tbe  natural, 

is  due  lo  an  orpinio  compoumi  of  ooppt-r  whiijli  is  insoluble  in  water. 

The  clnim  sometimes  urged  that  the  copper  serves  lo  fix  the  chlorophyll 

and  19  not  itself  retained  is  pn>p(>sten>us,  for  if  a  solution  of  eblorophyll 

18   lit-ntMl  with  dilute  co|)]>cr  sulphate,  the   color  is  destroyed  and  a 

hrown  precipitate  is  product-d,  while  if  perfectly  white  beans  are  boiled 

lor  a  »liort  time  in  tbe  same  weak  solution,  tbey  take  on  a  deep  green 

color  through  the  formation  of  a  new  eompound  with  tbe  contained 

legumin  or  some  oilier  prott^'id.     Kicc  and  potatocM,  being  very  p<jiir  in 

prutctdA,  are  hardly  affected  by  similar  treatment,  but  eggs  may  be 

colored  iutcn»ely  green. 

The  liquor  of  canned  greened  vegetables  is  commonly  quite  free 
from  copper,  and  tbe  testing  of  siK'cimcns  by  adding  ammonia  lo  a 
portion  of  (tie  liquor  in  the  expectation  of  producing  a  blue  color  in 
case  tbe  vegetable  has  been  so  treated  is,  therefore,  <]uitc  worthless. 
In  onkr  to  dot*'rmine  the  presence  of  copper,  a  few  gninis  of  the  aub- 
9tuac«  may  be  incinerated  in  a  porcelain  capsule,  tbe  residue  therefrom 
treated  with  dilute  hydrooblorio  acid,  and  llie  lillmte  subjected  to  the 
aeual  tests. 

The  question  of  tbe  hygienic  importance  of  small  amounts  of  copper 
has  been  the  suljjcct  of  a  number  of  extensive  in  vest  igat  ions  on  the 
part  of  individuals  and  foreign  governments,  and  while  it  can  hardly 
be  said  to  iw  proven  that  any  dnngcr  can  arise  therefrom,  nevertheless 
no  good  reason  can  be  advanced  in  favor  of  the  practice  of  greening. 
Two  Atudenis  in  Ij<4iiiiann'i>  laboratocv  tuok  daily  doM>9  of  copper  salts 
vitb  no  perceptible  disturbance  ;  one  took  •'!!)  milligrams  of  copper 
sulphate  daily  for  •'iO  days,  and  then  douhlv  that  amount  fur  30  more ; 
till'  other  took  the  nectotc  for  51  days  in  doses  ranging  from  1(5  to  9(> 
milligrams.  These  amounts  are  lai^r  than  an  avt-nige  eater  would 
be  likely  to  lake  into  his  system  from  canned  vegelablcfl  in  the  course 
of  u  day,  for  the  entire  contaits  of  an  oi-dinary  tin — somewhat  le-«a 
than  half  a  [Mjuud — eonnnonly  yield  loss  than  50  milligrams  of  copper. 
Acoordiog  to  Baum  and   Seelinger,*  whose  numerous  experimental 

'S^'crilli  Intcninlioiml  Conffrra  of  HtkIcdp,  ISOl. 
•ZdtMhrift  far  DfJenditihe  Chomie,  l^BS,  p.  161. 
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vxtvudcd  over  n  (xriod  of  three  yeftrs,  small  ttnily  dootes  nrc,  as  s  rule, 
completely  absorbed  nnd  again  eliminated  ;  larger  doses  are  oot  com- 
pletely absorbed.  Oiimploli;  climiimtion  mav  require  as  much  a»  Stc 
months  from  the  date  of  the  last  dot^e.  Long-eontinued  ingestion  of 
small  dottes  may  bring  abimt  a  true  eondition  of  chronic  jtoifoniii^'. 

Copper  appears  to  be  a  iiortiinl  conMitneat  of  some  articles  of  food. 
The  assertion,  made  originally  by  Meyer  of  Cojienhagen,  thai  vhnt 
and  oat»  ofU-n  cunlnin  minute  trnixs,  cspeeiMlly  in  their  hutiks,  has  beta 
repeatedly  proven.  Accor<liug  to  Lehmanu,'  the  species  of  ptanU  hat 
fur  leis*  inthirnn--  oti  the  aninnnt  taken  ii|i  than  the  amount  of  copptf, 
present  in  the  soil.  He  found  the  metal  in  a  great  variety  of  plaob 
growing  in  a  copjier  .ttiil ;  rye,  oat»,  hop;*,  potatoes,  dandelion,  juniper, 
violets,  cherries,  etc,  etc.  In  woody  plants,  the  greatest  amount  rf 
copper  is  in  the  Uirk.  According  to  Kar»Ien,'  ihe  spraying  of  grape- 
vines with  opper  wdulions  is  not  wholly  free  from  objeelion.  viiw* 
that  which  adheres  to  the  fruit  may  lie  sufficient  to  maki-  their  \\v\A  of 
wine  toxic.  He  instuneee  a  ntmilK-r  uf  casi-s  of  diarrbtea  and  vomitii 
due  to  wine  which  yielded  traces  of  copper. 

Lead. — Tnices  of  li-rwl  an>  of  common  ootnirrcnw  in  various  a 
of  fijml,  especially  those  wrapped  in  foil  or  enclosed  in  cans  having 
jKis<td  si'iiMi.t  of  lead  solder.     A  nmnlHT  of  speeiinen!^  of  wrapping 
aoalyze<l  by  Dr.  Charles  1*.  Worcester^  yielded  lead  in  amounts 
ing  from  traces  to  8!)  per  cent.     They  are  used  lai^dy  for  wrap] 
cream  cheeses,  chowdiite,  and  nther  foods.      The  nietalHe  caps  for 
ing  glass  jars  of  preserved  fruits  and  vegetables  are  also  .'Sources 
danger.     One  *|H'cinicn  examined  by  Worcester  contiiini-d  93.5 
cent,  of  lead.     Patent  stoppers,  eonsistittg  of  a  metallic  disc 
border  of  rubber,  used  in  Wttles  for  »iummer  Averages  known  10 
trade    as  "  soU  drinks,"  commonly    contain    lead,  as    is    shown 
Worcester's  examinatinu  of  28  sjwoimens  whii-h  yii-Idi-<l  from  .1.5 
50.7  jH-r  cent.     The  contents  of  the  several  bottles  yielded  lead 
out  exception  ;  the  largest  amount  was  1.05  milligrams. 

Dr.  William  H.  Smith  '  has  dniwn  attention  to  the  common 
r«nce  of  lead  in  citric  and  tartaric  acids.     The  former  U  consid 
m<cd  in  miiking  !>uniiuer  drink.->,  and  the  hitler  in  eflerve^eing  {to 
and  baking  powders.     Of  a  doaen  apecinieus  examined  by  him, 
one  was  uncnn laminated  ;  the   highest  amount  found  was  0.037 
cent.     At  the  present  time,  canned  foods  are  less  likely  to  show 
of  lead  than  formerly,  when   the  cans  were  made  with  less  o-are. 
1893,  Wiley "  report"!  traces  in  132  out  of  '2A^  sjimples  examim 

C^nceniiug  the  hygienic  importance  of  small  daily  doses  of 
there  i.t  but  one  opinion.     It  is  quite  improbable  that  the  occaaii 
use  of  canned  vegetables  containing  but  a  fraction  of  a  milligram  v 
entire  can  will  lead  to  any  serious  injury,  but  the  constant  daily  i 

'Awhiv  liir  llyRiciio,  XXVII,,  p.  1. 
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r  apprcfiftlile  amounlii  of  lead  in  likely  to  l«ad  to  serinuB  ooose- 
cjilfiiccs  in  at  loitst  »  fiiir  ])ro]wrliLin  of  caws, 

K^|ierinllv  to  be  avoided  are  the  acid  drinks  cantaioed  in  bntllea 
witii  U-ad  ploppers.  The  utnoiiiil  of  lend  pn.'»eiit  is  ^niall,  and  au  ucca- 
sional  iadul)f«nci;  la  unlikely  to  cause  harm  ;  but  cssee  of  Hcriotis  lojury 
Itavf  ort-urnil.  In  ono,  in  whinli  tin-  nuKK-  of  tht-  tro»t)lo  was  investi- 
^U-d  br  the  niitbor,  the  patient,  a  tenijwranec  lecturer,  bad  for  some 
wct'ks  \iis-a  pa->wionntcly  addicted  to  the  use  of  a  parlicnlar  brand  of 
effervescent  drink  knouii  us  "  strawberry  tonic,"  a  «nrlHiniitJ?d,  ncidii- 
lated  solution  of  HU)zar,  flavored  with  au  artificial  eompnuod  etber,  and 
O^ml  with  an  aiiilin  dye,  Evidcni-e  of  ohnHiie  lead  [Hiisfiniii^  d«- 
Tdoped  witli  some  suddenness,  and  in  a  short  time  nol  only  wrist-drop, 
but  toe-drop  npiH-nn-d.  HiH^-imcns  of  tlw  lu'vcnip-  were  obliiint-d  and 
examined.  The  stoppers  were  almost  jmrc  lead,  and  the  eontcuts  of 
each  IxHlIc  yieldwl  notnbk-  traces  of  the  metal. 

Zinc — Zinc  somettmui  occurs  in  small  traces  iu  canned  fo'KU  from 
til*  utie  of  till'  chloride  in  solderinj;.  With  improved  methods  in  which 
aooll»erflnx  is  employed,  this  coulamiuutiun  ts  licainun^  unentnnion  iu 
this  closB  of  foods.  It  appears  to  be  <)Hite  a  common  accidental  im- 
ptirity  in  dri«)  applet  from  CDUtacl  with  pdvani^fd  iron  wire  racks  on 
which  they  are  cured.  Ktimmerer  '  found  it  in  4  out  of  9  E|)cctmcnB 
of  Amcrimn<lned  a|ipl<-.t ;  thcavcnt^-nuiount,  rei-knnod  an  nmlatc,  was 
0.065t>  per  cent.  Bujard  *  found  it  in  .'17  out  of  ^4  ;  in  '20,  the  amount 
proeenl  ranged  from  O.n.'JO  to  0.4!)n  gram  to  the  kilogram,  reckoned 
as  oxide;  tn  17  it  n-as  present  only  in  traces.  Wc  have  no  evidencT' 
that  ihew  small  amounts  are  of  the  slightest  sanitary  importance. 

Nickel. — Nickel  \»  sometimes  cmployetl  in  pinw  of  coppfr  for  green- 
ing \MSi&.  About  a  quarter  of  a  gram  of  the  sulphate  suffices  for  a 
kik^ram  of  {leas.  It  is  diseidvcd  in  boiled  water  to  which  10  co.  of 
a  2-per-cent.  solution  of  ammonia  are  added,  and  then  it  is  diluted 
with  Ujiltil  water  in  sitfiicieht  amnunt  to  cover  the  pea.",  which  are  then 
boiled  for  a  fen-  minutes,  dnuned,  and  washed.  Aeconling  to  E.  Lnd- 
wig,'  nickel  is  given  off  iu  small  amounts  to  all  sorts  of  foods  cooked 
io  nickel  dishes.  He  f>und  from  traces  to  12.9  milligrams  ])or  100 
grams  of  the  food  examined. 

Tin. — Contitriiiiiation  with  eomiwMinds  of  tin  ih  exceedingly  common, 
and,  so  far  as  is  known,  quite  harndess  and  unimportant,  the  cumpoiind)i, 
otl>er  than  the  chloride,  IK-Ing  a|iparenlly  intujiuble  of  producing  any 
physiological  or  local  action. 
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CHAPTER   II. 


AIR. 

AiK  is  a  mixture  of  gR8(«  hii<]  not  n  oliomionl  oompniiiid.  Until  the 
latter  port  of  the  spvcnleenth  century  (!(!(>!)),  it  was  supposed  to  be  an 
element,  but  Jean  Muyow  then  jirovctl  it  to  t>e  a  mixture  of  gasea,  and 
Inter,  Liivoisier  discovcrwl  the  two  jpwes,  oxypen  uiid  nitrogen,  uiiicli, 
a  hundred  year.-i  lutfr.  wire  si-iKiralid  hy  Priestley  and  by  Scheele, 

It  i^  11  colorless  utid  uppiirenlly  odorless  mixture  of  oxyj»on,  nitmgCD, 
nrgoD,  carbonic  acid,  aqueouH  va|)or,  and  traces  of  other  aubsiancea.  It 
is  not,  however,  under  orilinnry  conditiouM  odorlew,  but,  oti  the  con- 
trary, quite  full  of  various  aoenl.^  to  which  wc  are  so  accustomed  tliit 
imlcss  pre^^ent  iu  iiniDiiinl  degree,  owinf;  to  lucul  c<iiiditio[i.'i,  they  are 
not  ]M>rec'ived,  This  is  noticed  oa  returning  to  an  ordinary  atmosphere 
from  one  where  the  cauM'-S  of  the  umial  odors  are  absent  or  nearly  so; 
as,  for  instnnee,  from  deep  subterniDoan  caves,  or  from  u  room  whcit 
the  air  is  foul  and  oppressive;  as,  for  instance,  from  a  heated,  over^ 
crowded  liidl  or  street  ear  luto  the  pure  outdoor  air.  The  nir  of  the 
Arctic  regions  contains  but  little  odor,  on  account  of  the  abseuoe  of 
bodtea  which  give  rise  to  odors,  nnd  the  proximity  of  any  source  of 
smell  is  quickly  noticed.  The  explorer  Nanson  '  speaks  of  the  per\"ad- 
ing  smell  of  soap  which  hi'  noliivd  when,  aOor  months  of  wandering, 
he  met  .l,ieki>on,  who  hitd  been  comfortably  housed  with  all  the  com- 
mon necessities  of  man. 

While  air  i»  u  mixture  of  gases,  it  is  one  of  tolerably  constant  com- 
nosition,  particularly  in  the  cajie  of  its  chief  constituenl,  nitrogen. 
Under  the  coiuHiiuns  of  life,  the  more  imjMjrtnnt  but  le.SH  abundaut 
element  oxygen  is  subject  to  more  or  less  variation.  In  the  presence 
of  vegetable  lite,  piirticulurly  by  dny.  It  is  i^lighlly  increoiied  ;  in  the 
prescnco  of  auimal  life,  it  b  mure  or  less  diminished. 


OXYGEN. 

The  normal  nmount  of  oxygen  is  stoteil  usually  nt  just  below  21  per 
cent,  by  volume.  A.  Leduc  gives  it  at  just  21,  with  78.06  of  uilrogea 
nnd  0.1)4  of  argon,  OitTer^'ut  observers  have  reported  the  following  as 
averages  of  Iiirge  numbers  of  analyses  of  pure  outdoor  air. 

90.9D Hi.H ..8ixiilaii(). 

aO.Oa fcitlund. 

90.M. Swedon. 

».« Fninoe. 

I  FunlitM  Nwih,  Vol.  II.,  p.  629. 
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SD.W ...» GvnnanT. 

ia92 _ Narwaj-. 

S0.». lEnilliuid. 

».». Ohio. 

mean  of  a  number  of  analyses  bv  Ildnsen  was  20.924  by  vol- 
ume, BDtl  of  »  hundred  nt  I'uris  by  I£<%natilt,  20.060. 

For  ibe  sake  of  convenience,  we  may  digrfjiurJ  tbe  very  slight  dif- 
finnce  bctvi-ct-n  21  and  tite  figures  obtained  by  exact  aitalytiirt,  a  dif- 
feranoe  in  the  eeoond  place  of  decimals,  and  acrept  21  as  a  normal. 

At  great  licight-*,  the  proportion  of  osygeii  is  leas  Ihnn  at  the  i«iir- 
faee.  For  instance,  on  the  I'uiilhurn  in  Swititcrland,  2U.77  hue  been 
oboerved  as  the  mean  of  a  number  of  determinations.  Under  nertain 
rondilioni^,  there  is  very  slightly  more  than  21  pnrtit;  for  instAnce,  in 
the  immediate  vicinity  of  vegetation,  especially  by  day,  there  may  be 
n  •zc<ss  of  oxygen,  but  it  is  very  ^niall ;  .«eft  air,  tuki-n  in  niid-oeoan, 
hag  yielded  21.5!i,  but  ordinarily  contains  less  than  21.  It  is  less,  by 
very  small  fractions,  in  the  streeLi  of  cilie.i  than  m  the  open  tvxnilry, 
and  in  towns  than  at  sea. 

Oxygen  is  the  element  in  air  that  sujiporta  all  life.  It  is  conHtanlly 
being  withdrawn  from  the  ntr  in  the  ])roee»>  of  respiration,  and  is  re- 
turned to  it  in  chemical  anion  with  carbon  as  carbonic  acid.  This  ia 
■bsurbcd  by  vegetjition  iitid  Kplit  up,  lh<-  tuirlion  being  retained  and  the 
oxygen  for  the  moat  part  released  and  returned  to  the  air.  Thus,  the 
pro<T«w«  of  animal  and  vegetable  life  enmbine  to  tmntitain  the  equilib- 
rium. 

All  animala  do  not  breathe  in  the  name  degree  ;  bircU  have  the 
most  active  respiration,  and  next  come  mummuls ;  and  all  consume 
more  oxygen  when  active  than  when  asleep. 

Oxygen  is  essential  to  tlie  gi-rmiimtion  of  seeds  and  to  the  growth 
of  plantx.  Althougli  plants  take  up  carbonic  acid  and  exhale  oxygen, 
they  also  breathe  a»  do  iminmls,  altsorblng  the  latter  and  exhaling  the 
former.  Even  tbe  anaerobic  organisms  consume  oxygen,  although  liv- 
ing wliere  air  ia  wanting,  for  they  split  up  combinations  of  oxygen  and 
other  elements.  Thus,  in  dilute  ^ignr  solutions  they  withdmw  some 
of  the  oxygen  and  split  up  the  sugar  into  carbonic  aeid  find  alcohol. 

For  sustaining  animal  life,  it  is  essential  that  tlie  air  shall  contain  not 
far  frum  the  normal  amount  of  oxygen  ;  that  is,  that  it  shall  l>c  neither 
much  dimini.slxrd  nor  yet  over-rlcli  in  that  clement.  Human  life  is 
Impossible  in  air  which  contains  but  four-6fths  of  the  normal  amount, 
and  ctjually  tm  in  an  artifivlat  atmosphere  containing  materially  more 
than  the  normal. 

In  man  and  animals,  the  tissues  do  not  receive  oxygen  In  the  free 
contlilion,  for  when  the  air  is  inspired,  the  oxygen  is  taken  up  by  tbe 
red  blood  eorpusolea  and  unites  with  the  hieiiioglnbln  to  form  nn  un- 
slnblc  oomiHinnd.  oxyhirmoglobiii,  which,  as  the  blood  circulates  through 
the  tissues,  is  decom[)osed ;  the  oxygen  ia  then  taken  \\y  by  the  (*ll», 
and  eventually  returned  to  the  blood  in  the  form  of  carbonic  acid,  and 
eliminated  as  such  from  the  body.     In  an  artificial  atmosphere  cun 
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tainiiig  an  excesaive  amount  of  oxjrgen,  Uie  Immoglobin  becomes  wt- 
umtod  witli  tliu  gas,  part  of  which  Iicconips  dissolved  in  the  blood 
serum,  and  then  ai'U  a»  a  poi.ion  to  the  t'liiSueH  and  killK  ihcm. 

Iiiapircd  air  lus^s*  about  a  fourth  of  \Xn  oxygon  snJ  is  returned  to 
the  at  mos  Jill  ere  rich  in  impurity,  but  diffusion  ocour8  so  rapidly  that 
the  iitniiMjihiTo  of  a  thiddy  wlll^-d  rity  show*  no  very  mnti-nal  varia- 
tion from  ihat  of  the  open  country. 

The  \angn  aro  ac\fx  fillfd  with  pnrc  air  aftor  tlio  first  respiration 
at  birth,  since  they  are  never  wholly  emptied,  and  they  consequently 
contain  an  impure  renidue  of  air  after  tiich  expimtion.  The  uppi-r 
part  of  the  respiratory  tract  is  the  only  part  ihiU  reoeivea  strictly  pur« 
air.  ProfeMor  Riehet  has  demonstrated  iliat  if  the  respiratory  traet  be 
artificially  Icngtliem-*]  by  nKiins  of  ti  rul>l)(!r  tube,  the  pure  air  will  never 
reach  even  the  upper  air  passages  and  the  animal  will  die  of  asphyxia. 

Till.*  amount  of  oxvffon  iibsorbcd  varies  with  age,  condition  of  lifJtllh, 
and  activity.  According  to  Professor  Foster,  an  average  person  inliales 
in  24  hours  about  •14  |)ouiids  of  air,  which  ciirrci>]>oiid8  lo  n  little  over 
7  pounds  of  oxyi^en ;  mid  a?  the  Inugs  absorb  about  a  fourth  of  the 
oxygen  inhiitcd,  it  apjieant  that  the  average  amount  of  oxyg«n  absorbed 
daily  is  nearly  two  pounds. 


NITROGEN. 

The  principal  constituent  of  the  air,  nitrogen,  is  quite  inert.  It 
takes  no  part  in  rc-ipiration,  und  ts  not  increiiiR'd  tn  expired  air.  But 
Uiough  it  is  indifferent  and  inert,  it  is,  nevertheless,  by  no  means  un- 
important. In  the  lirr^l  plafw,  it  scrvfyt  to  dilutt-  llic  oxygon  so  that 
the  latter  is  respirable,  and  in  the  second,  it  plays  an  important  part 
in  the  growth  of  plants,  tlio  original  source  of  all  nitrogonou*  food, 
for  that  which  we  consume  in  the  form  of  meat  is  from  animals  that 
haw  built  op  their  tisnuan  from  vegetable  food. 

As  a  diluent  of  oxygen  it  scrvcB  to  prevent  too  great  activity  of 
that  clement.,  which  cannot  lie  breathed  with  impunity  for  any  length 
of  time  when  present  in  un  ntmosphore  iiljove  its  normal  amount. 

How  nitrogen  is  absorbed  by  plants,  we  know  only  in  part.  Certain 
low  forms  seem  t<i  nbwirb  It  directly  from  the  atmottphe.rc  when  exjxtHed 
freely  to  light  and  air.  8ome  of  the  higher  forms  (peias,  beans, 
clover,  etc)  nc*|uire  it  through  the  agency  of  certain  micro-organ- 
isms which  are  present  in  nodules  in  their  root«,  and  without  whieh 
they  will  not  thrive.  Tliece  micro-organisms  take  the  nitrogen  from 
the  stmosplicro  and  give  it  In  some  form  lo  the  plants.  That  lhl»  is 
no  is  proved  by  the  fact  that  the  plants  will  thrive  in  a  soil  quite  free 
from  nitrogen  (in  ch-an  t^iuid  for  inNtAn^')  and  (".tore  up  in  their  tii^sues 
an  amount  of  nitrogen  far  in  excess  of  thiit  which  was  originally  pres- 
ent in  the  Mi.-d.'i,  providi-d  these  micro-organisms  arc  pivscnl  in  the 
no<)nles  of  the  roots.  If  these  nro  not  present,  the  plants  will  not 
tJirive,  but  con  l>e  made  to  do  so  by  tlie  application  of  water  contain- 
JDg  cultures  of  thu  organisms. 


CARBOmC  ACID. 

On  the otiwT  liaiid,  ivrtaiii  miIkt  plaiitjt,  ^irmn  in  ttii'  open  nir  in  scfils 
free  Iroiu  nitrogen,  and  prot«ct*tl  from  receiving  nninionia  and  nitmtea 
from  tlw  mill,  will  show  nu  mow?  nitnigcn  in  their  whole  orf^iiiuiliui) 
than  was  present  in  the  seeds  from  wliich  they  sprang.  The  subject 
U  on«  which  iias  boeti  btit  partly  inveittigHt«d,  nnd  future  rvsenrch  will 
doabtlese  show  that  under  natural  conditions,  all  plant  life  takes  up  in 
MOme  «ay  more  or  less  niirogi-n  fmni  the  almosphfro,  an  well  a.t  frotu 
nitrogenous  compounds  in  the  soil. 

Up  to  the  tiiue  of  its  discovery,  the  element  argon  wa^  included 
under  nitrogen  in  the  tnblct  of  composition  of  tlie  nir.  How  much  is 
preaeni,  is  not  yet  accurately  determined.  It  was  discovered  in  1894 
by  Ixird  Kiiyleigh  htuI  i*r"fi.*a*(tr  Kmnsay,  by  wlumi  it  wiw  huer  csti- 
nuted  as  composing  about  0.75  of  1  per  cent,  of  the  atmosphere. 
Ijedue  gives  its  amount  a«  Q.9-1,  and  Schlo<»ing  as  0.84.  It  is  quito 
inert  and  cannot  be  made  to  combine  with  any  other  element,  though 
it  has  been  combined  by  Ilerthelot  with  benzene  under  the  inllueniH;  of 
electric  dischnrgc. 

Other  elenientji,  as  krypton,  neon,  and  met«rgon,  also  discovered  by 
Professor  KumNiy,  ooroniuni,  discovered  by  Nasiui,  and  several  otheni 
are  interesting  solely  from  a  purely  soientiBe  standpoint. 

CARBONIC  AOn). 

All  air  contains  cnrt)onic  acid  as  a  constant  constituent.  The  nor- 
mal average  amount  in  pure  air  is  but  slightly  in  excess  of  three  jiarta 
in  10,000,  ur  a)>out  0.0:(  [wr  cent.,  and  not  four  parts  as  is  commonly 
stated.  As  Utile  as  2.<W,  and  even  1,72,  bos  been  observed  in  the  air 
on  mounuiin  tops,  though  goni^-rally  wc  expect  more  nitliur  tlinn  less 
than  the  normal  amount  at  high  elevations. 

It  i*t  a  result  of  oxidation  of  orgiiiiic  mutter,  and  owes  its  presence 
in  tile  atmosphere  to  respiration,  fermentation,  combustion,  and  chem- 
ical action  in  the  soil.  An  averugt-  iiiiin  exhales  about  twenty  liters  In 
an  hour,  and  very  nearly  u  kllugnun  in  a  dny  ;  women  exhale  loss,  and 
children  and  aged  ]>ersons  still  less.  The  amount  exhaled  is  increased 
by  muscular  exertion  and  diminished  by  rest.  Birds  send  out  more  in 
proportion  to  weight  than  other  animals. 

The  ri'^pirailiin  nf  iriillions  and  millions  of  linmnn  beings  and  ani- 
mals is  constantly  throwing  into  the  atmosphere  countless  tons  of  tlie 
gas  ;  every  ton  of  coal  in  burning  yields  over  (J", OIK)  cubic  feel ;  every 
cubic  foot  of  coal  gas  yields  about  double  its  volume  ;  every  pound  of 
candle  nearly  three  tirae.-i  its  weight  (2.7lill) ;  every  gallon  of  oil  and 
keruMne,  and  every  piece  of  wood  used  as  fuel,  contributor's  its  pro- 
portion. Huge  volumes  are  continually  communicated  by  the  soil  air, 
which  contains  it  in  abundance,  and  by  miuLTuI  springs,  the  waters  of 
which  contain  it  under  pressure.  It  has  lieen  estimated  that  from  all 
>aroes  A,000  million  lims  an^'discliarg^'d  annually  lulo  the  Htni(is)ihere. 

It  is  slightly  more  abundant  in  cities  than  in  the  country,  and  at 
night  titan  by  day.     It  is  highest  iti  amount  at  a.  given  locution  dur- 
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ing  antiiiDD,  anil  lowo^t  in  winter.  It  in  more  ab(in<]aiit  inlaud  Uinn 
on  tlie  coast.  It  iacreaaes  somewhat  as  wo  lucond  from  sea-level — ec- 
corJing  to  St'liliigintwt^it,  u[>  to  1 1,000  feet, 

ltd  removal  from  the  atmosplicre  is  mostly  through  the  KgeDcr  of 
growing  vegt-tation,  but  niat<>ria!l_v  also  by  absorption  by  bodies  of 
water,  which  iil  ordinary  tcnipenitiire  and  prrg»iirc  will  take  up  its 
own  volume  of  the  gas.  It  baa  been  calculated  that  the  ocean  con- 
tains about  t«n  times  an  much  us  tbe  wbolii  atmospbcn*. 

All  green  plants  absorb  it  by  day,  and  by  means  of  their  chloro- 
phyll break  it  up  info  cJirboii  and  oxygen,  ttie  former  being  used  in 
building  tissue,  and  the  latter  returned  to  the  air  as  a  waste  product. 
This  proccse  of  nutrition  goett  on  only  under  tlie  inflnciKX!  uf  light,  and 
consequently  by  day  ;  but  there  is  also  a  rti^piratory  function  that  is 
active  both  day  and  night  and  bus  the  same  eflect  on  air  as  dial  nf  the 
respiration  of  animals  ;  namely,  the  eoti!«uniptiou  of  oxygen  and  dis- 
charge of  carlionic  aeid.  Rui  the  respiratory  process  hoA  but  a  trivial 
influence  in  oompiirison  with  the  eliliTopliyllian  function. 

It  is  estimated  that  an  acre  of  woodland  withdraws  in  one  seasoo 
about  four  uu'i  a-half  tiiii!«,  rt^'tainis  over  oni;  iiud  oiie-finh  tons  of  carbon, 
and  returns  over  three  and  a-quarter  tons  of  oxygen  to  the  air. 

The  siiglit  imirense  at  niglit  is  supjiostilly  due  in  jwirt  to  il«  oxhata- 
tion  by  plants  in  their  respiration,  and  also  to  currents  of  soil  air, 
which  ascends  a'*  soon  as  the  air  at  the  surface  becomes  onlder  and  con- 
sequently heavier  than  itself.  During  the  day,  the  soil  air  is  colder 
and  remains  stationar)'. 

Carbon  dioxide  is  a  heavy  gas  lucapiddc  of  supporting  combustion 
or  respiration  and  of  no  use  to  animal  tissues.  It  constitutes  about 
4  per  cent,  of  expired  air,  in  whioli  it  i:*  an  excretion  of  Ilic  body.  It 
ia  in  itself  inert  and  incapable  of  exerting  any  poisonous  action,  but 
will  cause  asphyxia  when  present  in  sufliclcni  amount  to  interfere  witli 
the  atmospheric  oxygen  in  the  pcrformunee  of  its  function. 

An  atmosphere  of  respired  air,  containing  4  per  cent,  of  carbonic 
add  and  about  1  li  per  cent,  of  oxygen,  will  not  support  life  more  than 
a  short  time,  since  tbe  blood  cannot  get  enough  oxygen  for  the  needs 
of  the  W'ils  and  li>«#ues,  and  in  addiiion  cminol  rid  itself  of  its  CO^ 
Gas  exchange  between  the  blood  and  inspired  air  depends  U|K>n  the 
tension  of  the  gas  in  both  media,  and,  therefore,  m  soon  as  the  tension 
of  the  COj  In  the  atmosphere  exceeds  that  of  the  CO,  of  the  blood, 
the  blood  corpuscles  cannot  excrete  it,  but  mu.«t  retain  It.  In  eonsc- 
quence,  asphyxia  occurs. 

Tlie  question  as  to  how  much  CO,  la  permissible  in  air  has  beco 
variously  answered.  W«)  assume  three  [uirts  in  10,000  as  the  normal 
amount,  and  all  in  excess  as  impurity  due  to  respiration  and  eonibiw 
tJon.  A  total  of  G  or  7  paritt  in  10,000  is  r<<garded  by  llic  best  au- 
thorities as  the  permissible  limit,  and  10  in  10,000  as  dislinctly  bud. 
When  the  amount  reaches  10  parts  in  10,000,  the  air  begins  to  be 
"close,"  and  when  it  reaches  15  in  10,000,  it  is  likely  to  cause  head- 
ache in  those  unaccustomed  to  bad  air. 
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To  crowtlMl  assembly  rooms,  as  churches,  thentren  and  schools,  the 
ramonnt  niny  rtmch  100  iwirt,-*  in  10,000  ;  un<l  inure  than  twice  u»  nuieh 
bu  been  rotiiul  iu  u  S\vif»  stable  crowded  with  men  and  animals.  The 
air  of  the  hall  in  M'liich  the  Ciormnii  Fuliliii  Hmlth  Sorioly  (Dciibcher 
Vcrcin  (ur  oflcnllichc  Ocstindhiilswesen)  met  in  Nflrembfrg  in  Octo- 
ber, ISHO,  contained  24.10  in  10,000  at  the  beginning  of  one  of  the 
kddrct!»ei!,  and  43.'J0  at  its  rlose. 

A  large  amount  of  carbon  dioxide  may  be  present  in  air  without 
producing  any  ill  effects,  if  tlier«  is  plenty  of  oxygen  present.  Thus, 
Rt^oault  and  Reiset  have  proved  that  animals  can  live  in  a  mixture 
«f  26  per  ft-nt.  oarlwnic  acid,  .30—10  per  wnl.  oxygen,  luid  nitn-gt'n. 

It  has  been  generally  held  that  CO,  up  to  20:10.000  is  in  itself 

hannlMS ;  that  ttie  dc1et«rioii»  agcnln  in  polluted  air  nru  organic  nintlen 

Ktlirown  off  by  llie  skin  and  lungs  in  company  with  it ;  and  that  tt  serves 

a  convenient  index  of  their  amount,  1 1  ha.s  been  tin:  entttom  to  »ay 
"  The  more  carbonic  acid  we  find,  the  more  organic  mutter  wo  infer." 
These  poisonous  or^nic  matters,  however,  though  much  sought  after, 
have  never  been  isolated,  althongli  a  number  of  ubsorveri<,  using  faidly 
methods,  have  from  time  to  time  obtained  erroneous  results.  This  eub- 
jtfvt  will  be  contiidered  further  on. 


OZONE. 

Oume  is  a  normal  but  by  no  means  onn»itant  constituent  of  the  air. 
It  i«  generally  absent  from  the  air  of  hii^'  towoB  and  cities,  and  is 
almost  never  pre.^nt  in  the  air  of  an  inhabited  mom  or  near  decum- 
pinting  mutter.  It  i^  found  in  minute  amounts  (maximum  1 :700,000) 
io  the  open  air  of  the  country  and  eea.  It  is  most  abundant  at  sea 
od  near  woods,  and  somewhat  more  abundant  on  mountains  limn  in 
■Ueys  and  on  plains.  It  is  more  abundant  in  the  morning  in  the 
Jer  monllis,  and  in  the  ev<-ning  during  hot  wetithcr;  it  is  more 
r abundant  in  winter  than  in  summer.  It  is  stated  that  it  is  most  abun- 
dant directly  after  a  thunder  storm,  but  beyond  the  fact  that  it  is  pro- 
duced by  the  passage  of  the  electric  spark,  there  is  nothing  to  substiin- 
tiate  this  statement.  As  a  matter  of  fact,  the  origin  of  ozono  in  the 
aimoapherv  is  unknown. 

Ozone  is  an  allotropio  form  of  oxygen,  consisting  of  molecules  con- 
taining three  atomit  of  that  element.     It  hu:4  been  lii)U('fied  under  great 
i>mnire  (127  atmospheres)  and  in  that  condition,  and,  indectl,  in  tho 
_      ana  form,  has  a  (i(*p  blue  <«]or.     It  i.t  pnidueed  hy  the  passage  of 
the  eli-ctric  8|)ark,by  slow  oxidation  of  phosphoruif,  ami  in  theeli-etml- 
yaia  of  water ;  but,  as  has  been  .*aid,  its  origin  as  a  normal  consiiinent 
of  the  atmosphere  has  not  Ix-cnsntisfiictorily  explained.     It  luut  an  odor 
not  unlike  that  of  diluted   chlorine.     It  has   very  strong  oxiilizlug 
powd<T,  much  more  so  than  oxygen,  which  it  exoreisea  most  actively 
Ll>oth  on  metals  and  on  organic  matter  ;  hence  ils  absence  from  the  air  nf 
Tlohabitcd  mom.'*  and  of  di-n.-«cly  populated  areas,  where  it  is  charged 
mtb  oi;ganic  matter  and  dust  of  all  sorts,  is  easily  explaitu' '       To 
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tliU  properly,  its  diminution  in  autumn,  when  decomposition  products 
arc  most  aclivuly  Kcin-niti^fi,  iniiy  W  prDpcrly  nUribntOil.  Iih  prt'wncc 
in  the  air  of  any  place  is  very  fiiir  evidence  of  freedom  from  oxidizable 
matte  K. 

It  has  an  exceedingly  irritutinf;  cBcct  on  the  respiratory  mucous  niem- 
bmntw^  and  when  inhiiled  witli  oxygen  in  the  pm|N)rtion  of  oim-  (lurt  in 
240,  IE  quick  to  produce  diiith  in  nnimaU  isulijcct^il  to  il.  It  is  be- 
lieved to  exert  a  liad  influence  in  inflammatory  conditions  of  the  Innfrs 
and  bronchi  even  when  present  in  not  much  more,  if  any,  than  tltc 
ordinary  amount  in  the  atmosphere.  We  aclually  know  little  or  noth- 
ing of  the  rwd  elft-ct*  of  omiw  on  the  i^y^tlcni  in  the  amnnnlv  ordinarily 
present  in  air,  but  the  absurdity  of  the  expression  so  often  used,  tliat 
one  has  "  piiu-  to  iin-jirhi-  t\w  pure  oame  "  iit  a  hejdth  rc-nirt  i:*  nmnifesst. 

Peroxide  of  Hydrogen  (H/-),)  is  believed  to  exist  in  minute  traces 
in  the  ntniosphere  and  to  exert  some  intlucucc  in  the  priKt-^t  of  oxida- 
tion. 

AMMONIA. 

Ammonia  is  constantly  present  in  the  air  in  very  slight  traoee.  It 
exisln  in  the  free  »tatc  iind  in  ct)mbiniition  as  nitrate  and  carbonnte. 
Daily  analysis  of  the  air  at  Monlsouris  for  5  years  gave  aa  a  mean 
for  ammonia  2.2  milligranin  per  IDO  cubic  meters.  It  proviul  to  be 
highest  in  amount  in  summer  and  lowest  in  winter.  It  i&  diminished 
in  rainy  weather,  because  it  is  abt«orbc-d  by  the  rain  in  ilH  pafStage 
throngh  the  atmosphere ;  it  is  increased  with  rising  temperature  tome 
time  after  rain  has  ceaeed  falling. 

As  it  i»  one  of  ihi.-  products  of  decomposition  of  nltrogi-nons  orf^nie 
matter,  perhaps  nowhere  more  observable  than  in  stables  where  it  is 
plainly  (tcrt-cptible  to  the  sense  of  snu-ll,  it  is  hardly  necossury  to  point 
out  that  its  sources  are  various  and  innumerable. 

NITROGEN  AOIDS. 

Nitrous  and  nitric  acids  an^  also  ]ire-sent  in  small  traces,  due  in  port 
to  the  union  of  atmospheric  oxygen  and  nitrogen  through  the  agency 
of  elect riciil  di4eliurgc.-<,  and  in  part  Ui  tin- action  of  cixoneon  ammonia. 
Nitric  acid  is  found  in  comparative  abundance  in  buildinf^  lighted  by 
racnn^  of  (he  arc  li^ht,  but  it  is  not  pmbahle  that  the  amount  present 
c&D  bo  of  any  sanitary  impurtancc. 


AQUEOUS  VAPOR. 

Arjueous  vapor  is  a  normal  con.HtitiK-nt  which  occurs  in  very  variable 
amounts  inlluLiiccd  by  a  number  of  uuturid  conditions,  the  chief  of 
which  is  the  tem|>eralure.  It  ii*  an  invisible  gas,  lighter  than  air  and 
very  uno<]ualIy  ditfuscd.  Its  sources  are  numerous  ;  some  comes  from 
the  evaporation  of  water,  some  from  the  soil  moisture,  some  from  the 
lungs  and  skin  of  animals  and  man,  some  from  the  leaves  of  growing 


AQUEOUS   VAPOR.  213 

plutte,  some  from   oornbtislmn.     Indoors,  a  considerable   amount  is 
immunieaUKl  to  tli<-  iiir  through  ()i«  combustion  of  illumiiuiDtx. 

According  to  Prolessor  FoBter,  ari  adull  man  gives  off  under  ordi- 
narily fAvonililv  conditions  nlwut  four  poiimlH  of  watery  viijwr  from 
bis  skin  aiid  Inngi:  during  tweiiiy-four  hnure ;  two  and  a-lrnir  poondH 
b^  the  akin,  iiml  tlu?  liiiIiince(l\-itt-iikofi.'r  nnd  Voit  itny  10  or..)  by  ilie 
lungs.  An  udult  healthy  tree  of  &ir  size  gtve>i  off  an  amount  wtiicli 
is  cnarmotM  in  vomimrison.  Tlie  amount  of  water  exhaled  hy  pUots 
ha«  been  estimated  by  Ileltriegel  to  vary  from  '250  to  400  timi-s  the 
Lveight  of  tW  liry  oi^mio  matt«-r  fnniiwl  during  the  some  time,  which 
tlint  during  the  growth  of  each  ton  of  green  gnw»  or  leuve*  of 
any  kind,  tlierc  have  been  exhaled  therefrom  many  tons  of  water,  and 
that  in  tl>e  production  of  each  pound  of  dry  matter,  an  ftveragfi  of  32& 
pounds  of  water  lias  been  disehai^ed. 

The  cvapomtion  of  water  from  foliage  has,  amoTig  oth^r  important 
functions,  that  of  holding  down  the  temperature  below  the  poiut  where 
tbe  vital  jin^evsMCit  would  be  interfered  witJi. 

The  amount  of  aqueous  vaj»r  which  a  vohimc  of  nir  will  ti)«orb 
and  retain  de)wnd.-4  on  the  tcm|H■ralu^(^  For  each  degree  of  tempera- 
ture, s  volume  of  air  can  take  up  a  definite  luuoiint  of  vapor  and  no 
more,  and  when  it  luis  taken  up  this  amount  it  i.4  said  to  be  "  saturated." 
The  higher  the  temperature,  the  greater  the  amount  it  cmi  hold, 
and  hence  when  a  vohimc  of  air  completely  saturated  is  subjected  to  n 
d>ange  in  temjierature,  one  of  two  things  will  occur :  if  the  temjwra- 
tnre  ia  increased,  it  can  take  up  more  vaiwr  and  hence  is  no  longer 
Hitunitcd  ;  if  it  it*  diniinii(he<],  the  uipieouti  va|K>r  ia  in  excess  of  the 
amount  required  for  saturation  at  the  new  temperature,  and  the  excess 
will  be  co«deni*rd  and  pR-eipitated  as  moi.^ture. 

At  0*  C,  a  volume  of  air  «in  take  up  1  IGO  of  its  weight  of  aque- 
ous  vft|>f)r ;  at  !■')'',  it  i-im  take  up  twice  as  much;  at  ."tO°.  four  times, at 
4o°,  eight  times,  and  at  tiU°,  sixteen  times  its  much.  Thus  it  appeare 
that  with  each  increase  of  15°  C-  in  temperature,  the  capacity  for 
aqueous  vapor  is  doubled. 

At  lo*  C.  {59°  F.),  a  cubic  foot  of  air  will  hold  nearly  6  grains  of 
water  vapor;  at  30°  C.  (86°  F.),  it  will  hold  twice  as  much. 

Evaporation  cannot  go  on  when  the  surrounding  air  is  already  sat- 
untcd  ;  tJierefoR",  tlie  presence  of  a  body  of  water  will  add  nothing  to 
a  saturated  atmosphere.  But  plants  and  animals  can  continue  to  give 
off  tlic  vap'ir  to  an  already  ,<aturalvd  mmosphii-e,  which, however,  con- 
denses and  deposits  the  excess  sit  once,  perhiipft  on  the  very  surface 
vriiere  it  U  origimmKl,  as  on  the  lejtf  of  a  tree  or  on  the  skin  of  man. 

The  difforcttco  between  evaporation  and  transpiration,  which  is  the 
pro|N>r  term  for  the  giving  off  of  vapor  by  animals  and  plnni]i,  i*  that 
the  one  is  merely  phyjiiKd,  while  the  other  is  a  vital  process  due  to  the 
action  of  living  cells. 

The  mte  of  elimination  of  wat^-r  hy  the  body  in  a  state  of  rest  de- 
pends upon  the  amount  of  humidity  present  in  the  air.  Determina- 
tioni  by  Rubncr  and  Von  IjCwhscIk-w  '  demonstrated  the  great  in* 

'  Arehiv  Ihr  Ilvgicnc,  X.\l.\.,  p.  I. 
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flitenoe  of  huiDlcliLy  in  this  ]iarticular.  At  15^  C.  m  mout  air,  the 
daily  climliiution  foil  to  'lid  grams,  while  in  dry  air  at  the  same  teni- 
oemtiiri'  it  nine  to  871.     The  ratt-  rises  with  the  tern  pern  Lii  no  iti  both 

3li4t  mid  dry  air,  and  the  more  promptly,  the  greater  the  dryness. 

The  utitcr  air  cumniuiily  contniiiH  Ironi  00  to  7o  per  cent,  of  the 
amount  ueoaisary  for  natiiratiou.  In  some  places  noted  for  the  dtynees 
of  the  air,  thu  amount  is  much  below ;  in  othcnt  wliL-n:-  the  up[)OMt«  ii 
the  case,  it  is  above. 

Rdtttivf  hiimidily  i.t  llic  degree  of  upproucb  to  satiimtion  at  any 
given  teroprature.  Thus,  "relative  humidity  80"  means  that  at 
the  observed  t4rmp(-mtiin.r,  the  air  holds  but  80  [H'r  cent,  of  ihc  amount 
which  it  cao  take  up.  Absolute  huniitltty  is  the  actual  weight  of  mois- 
ture in  a  giv<-n  nir  Hjuice. 

Aqueous  va]>or  exerts  a  most  important  influence.  By  day,  itab- 
sarbti  part  of  the  aun'H  heat  and  lempem  it ;  by  night,  it  act»  tut  a  pro- 
tectint;  blanket  to  the  earth  by  preventing  too  Rrciit  loss  of  heat  by 
radiation.  At  night,  the  earth  gives  up  part  of  the  heat  which  it  has 
ulMurbed  (liiring  the  day  ;  mid  when  tlic  air  is  very  dry  and  (he  *ky 
very  clear,  the  temperature  falls  much  more  than  when  there  is  more 
vftpor  present  to  prevent  loss  by  radiation.  In  the  Suharn,  after  the 
hottest  days,  the  nights  are  generally  very  cool,  the  temperature 
falliuf;  HO  to  40  degrees  in  a  few  hours.  At  high  altitude:^  also,  where 
the  blanket  of  vnjKir  it-  thin,  the  full  in  tempemture  at  night  is  very 
marked.  Ahsenee  of  acjueous  vapor  permits  the  <-oohng  prooesA  to  be- 
gin as  soon  as  the  snn  begins  to  get  low,  and  ice  may  form  in  n  few 
hours  where,  during  the  day,  the  sun's  heat  had  been  intolerable.  This 
is  seen  in  the  great  dewrLt  and  nt  high  altitudes. 

It  is  commonly  noticed  thai  the  first  frosts  of  autumn  and  those 
wliieli  eome  ooea^ionally  in  tin-  middle  and  latter  piirts  of  spring  occur 
only  on  very  clear  nights  with  low  humidity. 

An  amount  of  watery  vajior  approuehing  saturation  gives  rise  to  di»- 
ooDtfort,  wlietlier  the  temperature  he  high  or  low.  The  "  stieky  "  days 
of  summer  and  the  "  raw  "  ones  of  winter  owe  their  di.sagreeahlencss 
to  their  high  relative  humidity.  In  a  hot  saturated  atmosphere,  while 
transpiration  can  proceed,  evaporation  cannot,  and  hence  the  cooling 
influence  of  i'vaj>i)nition  i«  missing.  The  sweat  stays  on  the  skin  in  the 
liquid  form  instead  of  passing  into  the  air  as  a  vapor,  and  the  word 
"rticky"  heeomc-s  sin^ilarly  appropriat*-. 

On  the  other  hand,  with  low  humidity  and  high  temperature,  the 
sweat  does  not  condense  and  remain  on  the  skin,  hut  passes  into  the 
air,  and  tninipiration  is  not  iinpeih'd  in  the  lungs.  Hcnec  the  great 
bearaliility  of  dry  heat  as  compared  with  moist. 

Saturation  at  low  temperature  has  as  great,  if  not  greater,  influence 
OD  bodily  comfort.  It  docs  not  follow  that  since  one  feels  the  he*t 
more  acutely  with  high  relative  humidity,  thi.s  condition  will  enable 
one  to  withstand  the  op|K»ile  dispJ>nifort  of  cold.  Indeed,  the  re- 
verse is  true.  At  low  lem[>eraturea,  saturated  air  causes  a  greater 
withdrawal  of  heat  than  dry  air,  and  intensities  the  senaudoD  of  cold; 
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for  moist  air  is  •  tnucli  better  hmt  raiutiK-tor.  Cold  <)ry  uir  is  miicli 
Rton*  cooifurtnlilp  ttiaii  air  some  (Icgreea  warmer  hut  lualmnlly  moist. 
In  Ihe  verj'  oold  climate  of  ctuiterD  8ibcriii,  the  air  lo  eu  dry  thnt  fiO° 
to  60°  below  zero  i*  do  biirdsliip,  provided  one  wears  completely  diy 
clothing,  whiUt  with  moist  elothiiig  one  woiil<]  pcrlMh  in  u  very  short 
time.  Sumc  pjirt«  of  Sibem  uru  both  cold  and  damp,  and  hence  uniu- 
hahi  table. 

AuiKwphfrio  nioistitre  hw,  th«rcfnrv,  directly  opposite  ctTects ;  it  in- 
tensiBea  the  elTecta  of  heat  and  abo  of  cold. 

DUST. 

Aoother  DormnI  coustitueat  of  the  utmosphere— one  of  enormoos  im- 
portance— tfi  duBt ;  normal,  beoaunc  it  iti  everywhere  in  the  atmosphere, 
and  lH<cauMe  tt  [tvrf&^Xy  dnstloss  uir  i»  an  urtificial  product  obtnioed 
only  with  the  observance  of  great  care. 

The  individnal  particles  lire  very  small,  but  at  llic  wimc  time  very 
variable  in  eizc,  mn^ng  from  tliose  plainly  discernible  to  the  naked 
eye,  to  tbnse  of  cxli-enie  minuteness. 

Durt  i«  organic  anrl  mineral,  and  litis  its  origin  in  countless  procceseo. 
It  includes  |)artioleA  of  animal  matter,  vi-gi-tiihli-  xnbNiunce.s  of  every 
kind  including  liicteria  :ind  moulds,  sen  salt,  matters  swept  from  tlio 
eoi)  by  the  action  of  windn,  thot^e  dinchiirgi-d  by  volcanoes,'  others  from 
[ manufiicturiiig  i:*l»biii<hinvntK,  from  chimneys,  and  from  the  millions 
of  n>c1eoriles  whicli  daily  fall  from  interplanetary  space.  The  ordi- 
nary combustion  uf  illuniiniLling  gn-^  yieUlo  millions  and  milliorts  of 
partid(.«  of  carbon  for  every  individual  cubic  foot. 

Oq^nic  dust  exists  only  in  the  lower  «tnit«  of  the  iitinospbere,  but 
that  of  uiineral  origin  is  cvcrj'wbere.  Micro-organisms  are  very 
abundant  in  the  air  of  inhabited  nmms,  and  in  general  in  that  of  towns 
and  cities,  1pm  ubundttnt  in  the  country,  and  least  at  great  heights  and 
at  sea. 

Ex)>erimcnt8  h»%*e  shown  that  at  an  elevation  nl>ove  6,300  feel  the 
nir  is  quite  free  from  them.  Pasteur  exposed  a  large  number  of  flaaka 
of  broil)  at  au  altitude  of  6,000  fiH'l  and  ubtaine<l  a  growth  in  but  one. 
Tyndull  cxpiwtd  27  flasl<s  at  8,00O  feet  and  got  no  growth  whatever. 

Dr.  Fischer  has  shown  that  on  the  ocean,  120  miles  from  land,  tlie 
air  'i»  usually  ipiitt^  fn-e  fn^ni  organisms,  and  that  ut  lesser  diotauccs,  90 
miles  for  example,  it  contains  but  few. 

The  air  of  cities  contains  thousands  in  every  cubic  meter  against 
less  than  a  hundred  in  the  same  volume  of  country  air.  It  has  been 
calculated  that  in  densidy  ))oputnted  jilaces,  such  a?<  I<(>nd<in  and  Man- 
chester, an  individual  inhales  in  the  course  of  an  hour  upwards  of  4 
niillioDs  of  germs  and  s]X)re.s.  But  this  figure  Ih  enormously  in  excesa 
of  the  figures  given  by  Fliiggp,'  who  estimates  that  >n  70  years  a  man 

'Afurlb«  ftvni  vnititioii  in  Java  in  1883,  n  hnxp  of  cxlrvruoly  lint-  pitnlcl^*  of 
pomioc^  crtiaiatwi  lobc  irom  •even  to  over  iwnnty  niiln  above  ihocortli,  niu  viajble  in 
•n  part*  of  ili«  world  (or  itevurul  nii>Dtlu. 

•Onindrin  der  HT);it-ne,  18UT. 
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may  iDhal<>  2.'>,000,000  bacteria,  wbidi,  he  sajni,  ia  about  what  one 
swalloWH  in  25  cc.  of  onliimry  milk. 

The  number  of  bacteria  in  air  is  inflnenoed  very  greatly  by  dry 
win<I»  ntui  HqiU'Oim  vii[Kir,  Tlw  iorniir,  ^wt-qtiiij^  them  up  from  the 
surface,  increase.'*  their  number;  the  latter  by  condeneing  on  them  an<l 
on  the  dust  piirticItM  to  which  tJl<^y  iMiberi.-,  <-iui.«cn  tbctii  to  fall  tu  the 
ground.  They  are  washed  out  of  the  air  by  rain,  and  arc  killed  by 
long  vxpoMiire  t»  bright  miiiHhine.  Mould!*,  on  the  other  hand,  have 
been  oliservcd  by  Mlquel  to  increase  rapidly  ullcr  a  rainstorm,  nnd  to 
be  inut'b  k-sa  afi'eeteil  by  windc. 

The  average  number  of  organisms  found  at  Monl*ouria  in  «n  inves- 
tigation wbicb  lasted  six  years  was  4no  ]»er  eubie  meter.     The  lowest 

results  were  observed  in  Febniwry  and  tlie 
highest  in  July,  During  the  same  period,  the 
mimber  in  the-  air  at  lh<t  eenli^r  of  I'nrin  was 
3,910;  the  smallest  figures  were  yielded  in 
January  and  the  highest  in  May. 

All  orgnniHuis  arc  less  numerous  in  the 
air  at  night,  since  then  there  ia  lesa  roe- 
chuntciil  <listurbimce  of  the  cnrtli's  surface 

WTiile  the  number  of  bacteria  in  outdoor 
air  mjiy  be  fairly  high,  it  niiiitt  be  Ijorno  in 
mind  that  most  of  them  are  of  the  liarmlesa 
varielioH  and  that  the  pathogent*  conBtiltite 
oulv  uu  infinitesimal  proportion. 

I>H8t,  as  ban  been  naid,  18  of  enormoua  im- 
irortunec.  Without  it  there  would  be  no 
rain,  no  fog,  no  clouds,  and  no  comfort.  The 
■ir  would  lie  salnrau-d  with  muiiflure,  nnd 
every  object  would  be  continually  wet.  It 
is  lai^Iy  hygroscopic  nnd,  therefore,  ilttntcts 
the  watery  vapor  of  the  atmosphere,  thus  he- 
mming the  nucleus  for  a  di-op  of  rain  or 
particle  of  mtsl.  Were  it  not  for  its  pres- 
ence in  the  air,  the  atpieons  va[)or  would  con- 
dense without  ruin  on  every  tree  and  plant, 
every  rock,  every  dwelling,  every  living 
creature,  and,  iu  short,  on  every  object  to  which  air  bus  nWM-ss. 

That  atmospheric  dust  is  necessary  for  tlie  production  of  rain  and  fog 
can  be  demonstrated  very.iiniply  l>y  condensing  moisture  from  a  Milumted 
atmosphere  through  lowering  oflhc  temperature,  and  noting  what  occurs 
when  dust  is  present  or  absent.  For  this  purpose  a  simple  piece  of 
apparatus  such  as  is  shown  in  Fig.  8  is  all  that  is  rcipiircd.  This 
consists  of  a  large  flask  fitted  with  a  rubber  stopper  through  which 
pass  two  pieces  of  glft»8  tubing,  to  the  five  ends  of  which  pieces  of 
rubber  tubing  with  pincheocks  are  attached.  The  glass  tuliea  project 
beyond  the  ghonlder  into  the  bixly  of  llu-  lln^k.  If  wc  pour  into  tlic 
flask  an  amount  of  water  rather  more  than  suiGcient  to  lil]  the  nock 
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«h«a  the  fliuk  in  invorlinl  witli  tlie  Ktopp<T  in  position,  w«  have 
the  conditions  oeccssary  for  complete  saturation  of  the  confined  air 
with  wnt«rv  vapor.  If  now  vre  vrilhdraw  by  suction  tliroiifjli  one  of 
ihf  rubber  tul>os  a  snuiil  amount  of  tlie  conlainefl  air,  tlie  temperature 
falU  at  oace  ;  and  inasmiieli  a.-<  the  air  within  i.t  uhyttdy  .snluriitcd.and 
»incv  the  lowering  of  lliv  tcniperutiirc  uf  a  saliirutcd  atmoi^phere  ia  ao- 
compnnied  by  the  condensatioD  of  part  of  ita  cnoi^nre,  auch  a  oou- 
den^lioti  occurs  within  the  flask  an<l  is  manifested  by  the  formation 
of  a  dUtinct  huxe  which  fills  the  whole  air  space.  If  next  we  restore 
the  orij^innl  pnsoiim-  hy  rciidmiltinfj  enough  air  to  abolish  the  partial 
vaeuuin,  the  mist  distippeara  instantly. 

The  protlHclion  and  dissipation  of  the  mift  cloud  may  be  repeated 
indefinitely  ho  long  as  nothing  is  done  to  remove  the  dust  from  the  air. 
But  if  we  wfliih  the  air  tJiomughly  hy  shaking  the  tiask  vigorously  for 
ft  few  minutes,  nnd  then  repeat  the  experiment,  we  shall  find  that  no 
visible  miiit  is  produced. 

CARBON   MONOXIDE. 

Other  matters  found  in  nir  include  under  certain  conditions  traces 
of  Eulphurellcd  hydrogen,  sulpliurou.4,  oulphurie,  and  hydrochlorio 
scidjt,  carlion  di(^iilphi<lc  from  rubber  fjit-torics,  marsh  giis,  cnrbon 
monoxide  fnim  illu minuting  gas,  fumes  of  idnc,  ar^nic,  and  phos- 
plioruii,  Ol^nio  viipooi  Irorii  ufiensivc  trudce,  antl  other  giiseoils  and 
solid  matters  too  nunierou!'  to  mention. 

The  moHt  iiu|mrUuit  uf  these  is  cjtrtxtn  monoxide,  a  very  power- 
ful poiM>n  often  present  in  the  air  of  inhiibitcd  rooms  from  leaking  gas 
pijics,  imperfect  eomlHi.-^tion  of  illuminating  gas,  luid  defects  in  healing 
appanilus  fed  by  coul.  It  is  yielded  in  great  uhundiince  by  burning 
charcoal  and  given  off  in  small  nniounbt  from  stoves  of  east  iron,  which 
material  in  a  reddiot  condition  aliKorbs  it  in  considcniblc  amounts  from 
burning  coal.  This  was  first  noticed  by  Dr.  Cjirret '  of  Chamb6ry, 
who  descrilied  nn  otitbrciik  of  sickness  tntci-d  by  him  to  this  cunse. 
Thb  properly  of  cast  iron  was  later  established  beyond  a  doubt  by 
others. 

Another  by  no  means  insignificant  source  Is  burning  tobacco,  one 
gram  of  which,  according  to  (irfhant,'  yields  82  ee.  of  the  ga.s.  Its 
presence  in  the  iiir  of  rooms  in  which  aniokiiig  is  carrii-d  on  was  illiiH- 
tntcd  by  KunkeP  in  1888  before  a  society  of  scientists,  by  exposing  a 
imall  amount  of  blood  solution  to  two  puffs  of  tobacco  smoke  and 
demonstrating  the  absorption  of  the  gas  by  means  of  the  spectroscope. 

The  most  inij)i)rtiint  sourcv  of  all  h  illuminaling  gas,  which  contains 

it  in  varying  amounts  according  to  its  mode  of  manullicture.     Under 

ordinary  conditions,  the  leakage  of  gas  Irom  the  mains  into  the  soil  and 

tbcoce  Into  the  atmosphere  is  enormous.     PcttenkoiVrr  '  reckons  that 

■CaraptM  rmdud,  iSK^t,  p.  793. 
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in  badly  jointed  systems  at  least  a  fiftli  of  the  unnual  outpat  »  loetn 
the  ground,  uiid  WiL-vii-rfiilir'  han  caloiiIiilcHl   tho  anuual   loiu)  in  Pira 
due  to  leaks  as   lo,UOO,000  cubic  tnctori^.     lA-akngc  owun  from  id 
[lerfect  joints,  liiulty  cocks,  and  corroded  iron  pi]>e8. 

Besides  that  due  to  l^ikn^:^',  we  liiivo  to  reckuii  ivitli  tJiat  dae  to  is 
perft;ct  combustion.  While  a  good  Argand  or  other  burner 
normiiily  givtaoffno  trace  of  wirbon  nioiioxide, a  certain  ]im|K»rtioni 
the  poison  will  escape  oxidation  and  mingle  with  the  air  of  the 
in  company  vrith  other  inipurilies,  if  the  ga»  supply  is  noi  pr 
regulated.  The  use  of  gas  stoves  is  n.'spoDeiblc  for  more  or  less  < 
tuininntion  due  to  imjterfect  combustion,  for  when  a  cold  object  i 
put  into  the  Hame.  the  hitter  \#  co<^ik'd  und  p!irt  of  its  ciirlx>n  monoxij 
i^  given  olf  sa  such.  Imperfect  combustion  of  kerascne  is  still  ano 
source  which  mii^t  not  be  overlooked,  for  a  iitmuking  lamp  can  cxertj 
very  decided  influence  on  the  respirability  of  the  air  of  a  room 
from  tho  distyitiii'ort  causi-d  by  tho  partich*  of  soot. 

Less  thau  a  quarter  of  one  per  cent,  by  volume  in  the  air  will 
poixoning,  and  but  one  per  cent,  is  rapidly  fatal  to  animal  lifc,ovril 
the  fact  tlmt  it  unites  very  readily  with  the  hsouioglobin  of  the  T 
corpuseles,  forming  a  stable  chemical  com|wund,  carboxyhien 
whit:h  will  ncitluT  lake  up  and  curry  oxygen  to  the  tissues  nor 
mote  the  elimiuatiun  of  oarboaic  add.     As  a  consequence,  a«phti 
ocour.-<. 

In  fatal  amvs  of  poisoning,  it  produces  a  rapid  pareochymatous  i 
generation  of  the  liver,  kidney.t,  spleen,  and  heart. 

It  Iww  bwn  proved  by  L,  de  Saint  Martin'  to  be  present  in  min 
amounis  in  the  blood  of  animals  living  in  cities.     Nicloux*  hi»i 
farther  and  demonstrated  ils  existence  in  that  of  animals  in  the  i 
try,  and,  indeed,  in  about  the  aame  amounts  (0.16  volume  per 
Niolous  findn  by  experiment  that  it  is  noi  derived  from  the  air,biat| 
develope<I  dli-ectly  in  the  system,  and  that  its  amount  can  be  dimiairi 
by  bringing  about  slight  asphyxiation.     I'niniii   and  Drouin'  M 
shown  tliat  at  onlinary  temponitures  it  is  gradually  oxidised  toi 
bonic  acid. 

Contamination  of  the  air  of  dwellings  with  giks  from  leaking 
mains  is  ipiite  eonimon,  atid  fatal  results  are   not   infntfuent,  the 
travelling  through  the  soil  for  oonsidemble  distances  and  being  it 
up  through  iM^llara  by  the  force  of  aspiration  brought  into  piny  bjl 
difference  between  internal  and  external  temjwratures.     Manyi 
fatal  poisoning  have  been  recorded  in  which  the  gas  had  been  ospif 
tlirough  the  soil  over  a  huudrcd  feet.     Hueii  accidents  are  natuD 
more  likely  to  occur  in  strwtA  which,  being  well  paved,  oppose  J 
obstacle  to  the  e-sca]»e  of  the  gas  upwards.  ' 

The  odorous  constituents  of  the  gas  serve  a  very  useful   puqMM  j 

■  Dcuwch*  Vi«Tt«ti>Iir!Bchri(l  fur  ^ffcnlljche  OtnuiHllieitniOeH,  XVII     ISSS.  nl 

»r..fti|.iw  mvliis  C.VXVI.,  I..  IWEC.  ■    "™ifj 

"llndci..  CX  \V1-,  ).p,  1,'.i(l.ii<l  1596.  ■ 

■qm,  tXXV].,  p.  938. 
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pMntingout  tbe  danger,  but  tlie^  are  sometitupji  lieM  back  by  the  earth 
•od  cannot  perform  tliat  wfliw,  Pruft-ssor  W«lrt"hriKcl  rciortod  «t  the 
Sixth  Congress  of  Hygiene  a  ease  of  poiHoning  by  gas  which  had  thna 
been  mbbedof  iUodor  hy  tlieiibMi)rplivc[K>wi-r  of  thv  soil.  Wator  gas 
hMf  much  lc¥«  odor  ihAD  ordinary  coal  gas,  and  thla  fkot  together  with 
itamuchgrentcrrnchueiuin  the  {Hii.son  has  led,  as  was  predicted  it  would, 
to  a  notable  iocrcsHe  in  tlie  number  of  falulltt'ee  due  to  gas  leaks.  Since 
its  introduction,  a  very  raati^rial  increa.se  has  ohtainca  in  \ew  York, 
Baltimore,  Brooklyn,  and  Boston. 


••SEWE&  OAS." 

Another  impurity  is  what  in  commonly  bnt  improperly  called  "  newer 
gOH."  This  is  simply  sewer  air  which  may  be  more  or  less  foul  by 
reason  of  containing  the  einaiiatioo!*  of  Hown^i-  iiiattcrij.  Ils  chemical 
coin |)0«tti on  depends  upon  the  extent  to  which  the  gases  of  decomposi- 
lioa  are  generated,  and  upon  the  rate  of  ventilation.  It  may  be  almost 
•8  pure  as  the  outside  air ;  it  may  be  ua  rich  in  cur1)onic  acid  as  (he 
air  of  badly  ventilated  rooms ;  and  it  may  he  niiioh  worae.  From 
10  to  30  volunn^  of  CO,  in  10,000  arc  quite  rommoiily  finiiid.  Dr. 
W.  J.  Russell  found  as  high  as  ol  volumes  in  lO.OUO  in  the  ntr  of 
one  of  the  London  sewers,  anil  Lcthcby  as  high  us  ')3.2  in  that  of  an- 
other, while  in  an  uavcntilated  sewer  in  Paris  as  high  as  :t40  voUiniM 
have  l>een  n^portix).  8iilphurett4-d  hydrogen  and  nmmoniuni  sulphide 
are  ordinarily  present  in  small  amounts  or  mere  traces,  and  may  be 
wholly  absent ;  but  in  old  unventilated  m^w«r»,  lliey  may  he  present  in 
quite  notable  amounts.  The  hi|rhest  recorde<l,  299  volumes  in  10,000, 
was  fbnnd  by  Parent-Ducliatelet  in  an  old  choked  sewer  in  Paris. 
Manth  gas,  iiminimin  and  cum|inuiid  ummonias,  ami  other  gn.seoua 
products  of  decom|K)sition  of  organic  matter  may  l^e  present  in  variable 
amount.s  acu)rding  to  circumstances. 

Sewer  air  contains  micro-organisms  and  animal  and  vegetable  dCbris 
just  aa  does  the  outer  air,  but  as  a  miiMiT  of  fm^t,  the  numlter  of  bac- 
teria is  invariably  small  and  they  artr  often  wholly  absent.  Thi.s  was 
first  shown  in  1 8H.'l  by  Miquel,  whose  re-sults  have  l>ei!n  corroborated  by 
tboM  of  a  uumljcr  of  other  investigators  including  Carnelly  and  Ilal- 
dane.  Laws  and  Andrews,  and  Percy  Frankland,  The  first  mentioned 
conducted  a  most  elnhorati-  chcuiiml  ami  hacteriologicnl  r-xaraination 
of  sewer  air,  and  proved  that  from  lioth  points  of  view  it  rumpares 
very  favorably  with  the  air  of  scliouls  aud  smalt  dwellings,  and  that 
bocteriulogically  it  is,  indeed,  fur  superior.  It  contains  fcivcr  <»rgani.snia 
than  the  air  of  the  streets  above  or  of  ajiy  kind  of  dwelling,  and  such 
as  are  pn^^ent  come  entirely  or  chiefly  from  the  outer  uir  ond  not  from 
the  sewage. 

Laws  and  Andrews  arrived  at  the  same  <!f)ncl nsion^  after  a  similar 
research.  In  each  sample  of  sewage  examined,  the  bncilhiN  culi  com- 
munis was  found  in  nnmberi<  varying  from  20,000  to  200,000  per  oe,, 
and  closely  allied  species  in  even  greater  abundance ;  but  neither  the 
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one  nor  any  of  the  othcra  wai)  fmind  in  ihn  mnnj'  samples  of  air  ex- 
aniinod.  Tli«y  fotiml,  fnrllicr,  timt  the  number  of  or^mi»ms  (.'xiatiiig 
in  sewer  air  i:lo|»end!*  enlirely  upon  (ho  niimlwr  present  in  the  outride 
nir  in  tlic  winic  vicinity,  imtl  lliiit  wliik^  f lii;  sewiigi*  limit oriii  art-  Inrgoly 
of  the  liquefying  varieties,  such  are  practically  absent  in  the  air. 

The  chief  importiintw  of  "  *oww  giw  "  lie*  not  in  its  power  to  pro- 
duce (lifrcnse,  but  in  its  cjipacity  for  being  tlie  vehicle  for  bnil  emells 
which  make  (he  air  di.s;i)^n-i'iihli!  but  nol  nftccs^rily  dangemtis  to  health, 
except  that  ap|>ctite  and  digestion,  and  hence  general  nutrition,  may  bo 
interfered  with. 

Ae  n  matter  o^  fact,  sewer  air  has  served  for  a  lonp  time  as  n  most 
convenient  seapepoiit  to  liear  the  blame  for  starling  and  spreading  out- 
brenks  of  typhoid  fever  and  oilier  infi-eiioiis  diseumw,  and  ns  a  most 
neeful  aid  in  explaining  oh-^cure  questions  of  various  sortA. 

Many  iM'Iieveri*  in  tlie  wwer-nir  tlieory  of  dissemi nation  of  typhoid 
fever  hold  that  the  coarser  dust  particles  carry  the  germs  on  their  »ur- 
faee  and  may  be  blown  about  through  considerable  aiHlances  before  the 
organisms  lose  their  vitality  ;  but  the  great  objection  to  ihis  explaniition 
is  that  in  sewers  and  oeswponls  the  typhoid  bacillus  is  speedily  destroyed 
by  other  orgauisniM,  and  that  even  though  it  be  prewnt  in  an  active 
state  in  litpiid  sewage,  it  is  extremely  nnlikely  that  it  will  be  released 
therefrom  iiito  the  air.  No  urdiimry  islirring  up  of  the  water  will 
throw  the  germs  into  the  air,  though  according  to  the  researches  of 
Frank  land,'  the  bursting  of  ga*  Imbblcs  generated  by  di-immposilion 
will  throw  into  the  air  traces  of  chemical  sails  which  have  been  miicd 
and  dissolved  in  the  wwnge,  and  in  the  same  way  may  throw  out  bac- 
teria ik«  well.  But  It  hns  Wen  shown  by  Niigeli  that  bacteria  cannot 
be  given  oflf  from  moist  t>urfaneji, 

A uolhcrexpttuifilion,  offered  by  Dr.  C,  It.  C.  Tichbonrne,' is  that  th« 
tidiecase  germs  are  scattered  into  the  air  by  the  fermenting  sewage  and 
ried  by  a  mist  formed  when  the  warm  sewer  air,  saturated  with 
"rhoiBlure,  meets  the  colder  external  air  at  the  points  where  the  venti- 
lating nntlet.<i  are  jdneed.  Then  eiieh  minute  dnijilet  of  mist,  carrying 
one  or  more  microbes,  is  transported  through  longer  or  shorter  distances 
in  the  air,  [terhapA  inlo  dwellings,  and  evenlually  by  the  influence  of  the 
heat  of  (he  sun  or  by  other  natural  agency,  becomes  dissiimled  as  v»i>or 
and  leaves  the  organisms  susjiendcd  in  the  atninsphere. 

The  majority  and  the  best  of  ihc  German  invefitigjilor*,  as  Flflgge, 
Rubuer,  Gartner,  Soyka,  Prausnitz  and  others,  maintain  that  sower  air 
and  sewer  gases  are  (jtiitc  innipabk-  of  conveying  the  gi-rnH  of  typhoid 
fever  and  other  infective  diseases.  It  is  true  that  some  of  (he  guSM 
given  off  in  the  putrefaetloii  processes  whii-h  go  on  in  sewers  are  more 
or  less  [Kiisonous,  but  whether  they  are  captdilc  of  prmlucing  any  Inju- 
riouf)  effects  depends  very  much  on  the  amount  inhaled  and  on  the 
degree  of  concentration.  In  any  event,  they  arc  certainly  inen[Mible  of 
producing  any  infective  disease  in  the  absence  of  the  specilic  germ. 

'  ProouBlinpi  of  llie  Koyul  Sofirty,  1870. 

*  Uul>Iin  Joiimnl  of  Mr^iral  Sci^iicns  Jul;,  1S97. 
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In  any  wll  constructed  sikI  properly  vcntilaU^d  ecwer,  no  givat 
antounl  of  putrefaction  will  gt)  on,  Mnoe  the  ht^wage  matters  soon  iiiiwt 
OD  nn<l  uru  discliai^^  ;  conmyjuculJy,  not  much  f^  will  be  evolved, 
and  with  proper  ventilation,  whatever  h  evolved,  is  soon  disM]Hited  in 
tbe  otittr  uir.  Offensive  giutcs  and  o<lors  nro  nitidi  more  likely  to  be 
given  off  by  unclean  unventilated  house  plumbing  than  by  welt  built 
•ewers. 

It  ia  commonly  asserted  tliat  the  inbulation  of  smull  nmountii  of  this 
air  will  produce  a  train  of  symptom::!,  iiieludiiig  headiirhe,  nnieniia,  loss 
of  appetite,  sore  throat,  albuminuria,  dinrrhwa,  and  others,  and  that  it 
may  \ie  the  exeiting  or  auxiliary  cause  of  typhoid  fever,  meaalei,  diph- 
tlienii.  wwrlet  fever,  <lyHcntory  and  other  infective  discuses.  But  in 
the  eases  which  are  accepted  as  proving  the  causal  relation,  inference 
hu  tnkiii  the  platHT  of  proof,  no  other  meiins  of  infeclioti  lieing  uaccr- 
tainable.  In  not  a  single  cose  has  the  supjwsed  relation  been  bacterio- 
logically  demonstrated. 

Id  answer  to  the  well-known  stubborn  fact  that  the  workmen  em- 
ployed in  all  the  large  systems  of  sewerage — men  whose  occupation 
involvi^  the  dnily  and  oonstunt  inhalation  not  of  traces,  but  of  largo 
volnmesof  sewer  air — are  as  a  doss  unusually  healthy  and  strong,  with 
a  higli  m«ui  ufp:  at  death  mid  a  low  death  rule,  it  is  asserted  ihut  Ihcy 
become  immunised  by  daily  contact  and  thus  eseiipe.  If  we  accept 
thift  tlwiry,  however,  we  mimt  go  farther  und  sny  thai  large  doses  arc 
a  benefit  in  that  they  confer  an  immunity,  and  that,  therefore,  all  pre- 
cautions against  their  admission  to  the  air  of  dwellings  are  misdireoted 
and  should  be  abandoned. 

The  air  of  properly  constructed  sewers  is  in  constant  motion,  brought 
about  by  dill'erenwn  in  tcmiH-rolure  and  meelunnieally  through  influx 
of  sewage.  During  the  colder  monttis,  the  temperature  within  the 
Mwer  is  higher  than  that  of  the  nir  alMtve.  and  it  is  inalcrially  intluenecd 
hj  the  fact  tlmt  the  entcrini;  sewage  is  largely  warm  ;  therefore,  it  tends 
to  rise  and  t^scaiH'  through  iho  openings  in  the  niuu-lmlr  covers.  Dur- 
ing the  warm  season,  the  natural  intcrehiinge  is  much  lesseued,  sinc« 
then  the  conditions  as  to  temperature  are  revei-siHl.  At  night,  however, 
at  all  seasons,  the  temperature  of  the  air  of  the  sewer  is  higher  than  that 
of  the  atmosphere  .ibove,  and  tlius  ventilation  goes  on  by  natural  laws 
lite  year  mnuil.  Much  air  is  displncnl  by  the  entering  sewage;  in 
&«t,  disregarding  the  efToct  priKluoed  by  the  warmth  of  the  sewage,  for 
every  cnl)ii;  foot  of  sfwagc  which  entirrs,  a  mliio  foot  of  nir  is  forced 
out,  and  as  the  sewage  is  disehsrgcil,  more  air  is  brought  in  to  take  ita 
place. 

Owing  to  ihc  prevailing  idea  of  the  noxious  eharaeter  of  sewer  air, 
it  was  formerly  the  custom  to  place  baskets  of  charcoal  in  the  outlet 
shnns  of  the  man-Iiolc«,  but  as  this  material  loses  its  absorjitive  prop- 
erty with  access  of  moisture,  the  plan  was  abandoned.  It  was  also  re- 
gnnled  iw  an  advantage  to  connect  ihc  sewer  with  cliinmeys  which 
should  act  as  ventilators,  but  in  the  light  of  further  knowledge  and 
because  of  excessive  action,  that  method  of  ventilation  fell  into  dieuse. 
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ORGANIC  MATTERS. 

AniODg  otlicr  impiiritiejt  pivcH  off  lo  tlio  nir,  the  organic 
from  the  processes  of  the  botjy  are,  in  a  way,  of  oonsiderabl«  imp 
tao(!e.     Tlitwt  inoIiKlc  jwrtiok-s  of  <'i«tlioliiim.  thec-onstituentsof  i 
(butyric,  capric,  caprmiic,  and   caprylic  acids,  lactate,  biitynitp, 
other  »alli<  of  amitioniiiiii),  ntid  volnriI<-  nialter;*  from  foul  niouilis,  i 
caying  teeth,  the  digestive  tract,  and  cxcrctnoiitilioiis  matters  ilc posin 
on  iiiiclcnn  clothing.     In  a<idItion  t«  these,  it  has  been  claimed 
other  matters  of  a  poisonous  clianiotcr  arc  given  off  in  the  pn-cfiw 
respiration,  which  matters  will  be  referred  to  later  on  in  the  die 
of  the  effects  of  impure  air  on  hcaltli.     That  tho  air  of  inhabited  ' 
fined  spaces  may  contain  organic  juiimal  matter,  is  apparent  to  llie^ 
fciiscx  >vheii  one  enters  xuch  an  atmt^ipliere  from  one  not  ilius  coot 
natcd. 

Streets  of  Bad  Air. 

The  effects  of  bjid  air  on  the  Bynt^m  are  of  gmit  importsnof 
vary  in  degree  within  very  wide  limils.  For  proper  aeration  of  ihe 
blood,  it  is  ncocjwiiry  that  the  oxygen  of  tJie  nir  shall  be  pixscnt  in  thf 
normal  proportion  in  the  free  state  and  not  in  chemical  union  wilii 
carbon  as  u  vriistc  product.  Further,  it  is  ncoes.'«ry  for  the  ]ir"i>erei* 
cretion  of  the  carbonic  acid  of  the  blood  that  the  diSercnce  in  the  teo- 
aion  of  that  giu  in  the  air  and  in  the  blood  shall  be  aa  wide  as  pu*- 
pibic ;  that  is  to  say,  the  less  the  amount  of  carlx>nic  acid  in  ik 
inspireil  air,  the  greater  the  fadlity  with  which  the  blood  can  disenjpp 
that  which  it  oarrie*  to  the  Kings. 

Any  interference  with  this  most  important  function  of  the  body  mtisl 
have  an  injoriou't  eff<.-ct  cm  the  general  health,  and  it  is  genemtly  ac- 
cepted ihnt  impurity  of  the  air  is  without  doubt  the  most  imporUol 
of  the  predis))OHing  causcB  of  disease. 

It  is  Well  known  that  other  conditions  being  equal,  in  proportioa  u 
a  people  are  drawn  to  employments  indtwrs,  tliedisease  rate  and  <ii^tii 
rate  are  increjuH^d.  Tliis  is  particularly  tnienn  regards  phthisis,  wlii<4 
is  preeminently  associated  with  overcrowding. 

Overcrowding  means  the  ussiwiatiori  of  two  or  more  people  in » 
space  so  confined  as  to  preclude  the  admission  of  a  constant  supply  of 
fresh  air  suftieient  in  amount  to  maintain  a  proper  dilution  n)  tbif 
cxerirtory  products  and  a  normal  supply  of  fri'e  oxygen.  It  -.v  i  r 
niw^l  long  ago  as  a  most  imjiorlanl  factor  in  the  production  of  a 
death  rule  among  occupants  of  crowdeil  jails,  Uirracks,  and  hospr 
and  experience  has  repeatedly  demonstrated  that  increase  ia 
allowanot;  is  always  followed  by  decreiise  in  sickness  ainl  death 
At  one  lime,  for  example,  the  English  army  averaged  11. K  dcatlis 
1,000  men  annually  Iriim  phthisis  alone;  improvement  in  tiam 
ventilalioii  and  inere^wc  of  average  air  space  showed  immediate  ti 
provement,  and  the  phthisis  rate  fell  gradually  to  1.2  per  1,000. 

ne  general  result  hn»  been  observed  in  the  armies  of  Fninoe,  Ra\ 

ruiany,  and  Belgium. 
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Wliat  ts  true  of  overcrotvdinp  iijiplies  Dot  alone  to  human  beings 
bat  to  aninialaariwoll,  nnit  it  Lh  it  wcll-kiioM-ii  furt  tliiil  rroHiIciI  t^tublcs 
show  Iiigh  morlfllity  uniun^  cuws  nod  liorees.  It  has  such  a  rcmnrk- 
sble  influence  on  egg  production  nud  groivth  of  fowU  that  praclicnl 
poultn'incn  ore  cxcucdinKly  cartful  on  this  point, 

The  immediaic  effects  of  inhulatioii  of  impure  air  are  di!*<^mfort  and 
op{>rt»^ioi),  which  ninv  nmoiint  to  hcaduchc,  dizzini-ms  fuinlncet^,  and 
even  nausea.  Continued  exposure  is  likely  to  bring  about  a  gradual 
)ni|«irnionl  of  health  I'huwn  by  [xtllor,  languor,  iimemia,  nkin  Iruubkv, 
to6S  of  appetite,  and  diminished  power  of  resistance  to  the  exciting 
CBii»C8  of  dinenso,  and  thU  i.s  I'^jwcially  true  of  those  whose  daily  work 
is  carried  on  in  crow<led  spaces. 

It  is  cuatomary  to  cite  as  extreme  ease^  of  ovorerowding  and  its 
eOects  tlie  Black  Hole  of  Calcutta,  the  ship  LomionrUrry,  and  the 
prison  at  Austerlitx,  but  the  conditions  that  obtained  in  each  of  these 
itwlimci-^  were  most  unnsual,  nml  ibc  cnsea  are  of  historical  rntlicrthan 
sanitary  interest,  since  the  confining  of  a  number  of  jiersons  in  a  spac« 
from  whioh  air  ik  practically  excluded  can  have  bnt  one  uulcomc. 

The  Black  Hole  of  C^cutta  ia  the  name  applied  to  the  military 
priAon  of  Fort  William,  where,  in  June,  17A0,  .Siirajnh  Dowlah  con- 
fined 1  ■!()  persons  over  night  in  a  space  of  less  than  5,900  cubic  feet  with 
two  small  windows  in  one  side.  W'itliin  an  hour,  all  broke  out  id  b 
pmfuiw  sweat  and  wen-  torttirD<l  with  thirst  and  diRictilt  breathing ;  in 
tbree  and  a-half  hours,  a  majority  were  deliriouR,  and  when  the  place 
Wfl«  oitcned  in  tiiu  moniing,  12.3  of  the  prittoners  were  found  dead. 

In  the  case  of  the  /.oiirfont/crrj/ which,  in  December,  1848,  left  Sligo 
for  I^iverpool  and  ran  into  a  Htj>rm,  200  stc(-nig(^i  pussengers  were  con* 
fined  over  night  in  a  space  IS  by  11  by  7  feet  with  no  means  of  ven- 
tilation. In  the  morning,  when  they  were  ruloiucd,  it  way  found  that 
0%'cr  seventy  bad  expired. 

In  the  other  extreme  case,  that  at  AnsterlitJt,  .100  captured  soldiers 
wcreconfiut^  in  a»miil]  cellar,  and  within  a  few  hours  all  but  40  wen* 
dead. 

To  what  one  or  more  conditions  of  impure  air  are  the  ordinary 
eflTectft  due  ?  We  have  seen  that  CO,  is  in  itself  nut  an  active  poison 
and  that  its  action  is  to  interfere  with  the  pn)|>er  oxygi^nation  of  th« 
bloo<I  within  the  lung«.  The  n(|Ucous  va[>or  of  respiration  and  from 
the  skin  and  ihat  produced  in  the  combustion  of  illuminating  niati^rial 
cnmstiiutCTi  nn  important  part  of  a  vitiate<l  atmosphere  and  is  respon- 
sible for  at  least  a  part  of  the  discomfort  produced,  but  it  is  also  true  ihat 
•  dofieiency  in  watery  vapor  in  the  air  of  wcll-vcntilatcd  nujnis  has 
equal  or  greater  disadvantages,  as  will  appear  in  the  consideration  of 
ventilation. 

Conceniin(»  the  efleet  of  ordinary  amounts  of  ordinary  dust  in  in- 
habited rooms,  there  is  little  to  be  said.  The  micro-organisnH,  mo$>t 
of  which  arc  non -pathogenic,  vary  in  number  with  efficiency  of  ven- 
tilation. In  pure  air,  the  Imeteriaand  nionldi<  appnixiiuate  each  other 
ID  niiDiber;  but  in  vitiated  air,  tlio  bacteria  increase  in  number,  while 
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the  moulds  nre  much  Icwt  nlTcclcd.  Th«  experiments  of  CarncUv, 
Halilano  and  Anderson  showed  a  progressive  increiise  in  both  bacteria 
uid  Diuuldri  witli  diminuthed  vcntilutiou.     Thiu, 
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The  increase  in  bacteria  is  not  due  ta  respiration,  though  a  diminu- 
tion in  their  nuniher  might  be  thus  explained  ;  for  the  great  maJDrity 
of  inhiilcd  bucteriu  ar«  filtdrtid  out  by  the  n08«,  oiid  thv  expired  air  » 
almost  completely  free  from  germs,  though  they  may  be  thrown  out  in 
tlic  prucwses  of  cmigliing  ur  Hiicc/ing. 

Investigation  thus  fur  ho^  not  proved  that  the  biicterls  of  infection 
are  commonly  iutroduced  into  the  system  through  the  medium  of  re- 
spired air. 

A-t  liaj*  been  already  mentioned,  it  is  held  by  many  that  the  effects 
of  bnd  air  arc  not  due  to  ciirbonic  nciil,  but  to  tlic  orgimic  iiiiitl<Tfi  iind 
aqueous  va|>or  given  off  by  the  lungs  and  skin,  and  tliat  these  are  oon- 
vcnientiy  estiiiiutod  by  dotvnnining  the  amount  of  rurlMinic  add  with 
which  they  are  discliarged.  It  is  also  said  that  while  considerable  car- 
honio  acid  e.«eapt!s  oven  under  the  mont  imperfwt  sy.itcm  of  ventila- 
tiou,  the  organic  matters  and  watery  vapor  do  not  so  readily  pii^  out, 
hue  ari^  dopoaited  on  walls,  furniture,  liaugings,  and  clothing,  where 
they  putrefy  and  become  uifenmve.  A«  proof  of  tins  is  cit<Hl  ttic  fuot 
thai  a  mom  in  which  a  person  has  slept  without  adequate  ventilation 
hits  an  unpUvL'iiint  sincll  in  the  morning,  and  that  this  persists  even 
after  considerable  airing. 

Brown-Sc(|iiardandd'Arsonval,in  ISSS,  obtained  from  condensation 
of  the  aqueous  vapor  of  men  and  animals  a  liquid  which,  injeelc*]  into 
rabbits,  cau.-wd  death  with  greater  or  lenH  rapitlily,  atroording  to  the  size 
of  the  dose.  They  believed  the  toxic  element  to  be  of  the  nature  of  a 
volatilt!  alkaloid  and  that  it  was  exhaled  dissolved  in  the  aijueous  %*a- 
por  of  the  breath.  In  the  same  year,  Wnrtz,  reporting  a  similar  re- 
search, claimed  to  have  found  a  toxic  substance. 

Merkcl,'  in  IS;J2,  claimed  ti>  have  obtnitn^d  positive  results  and  eon- 
eluded  that  respired  air  from  persons  in  health  contains  a  minute  quan- 
tity of  a  volatile  organic  base,  which  is  iHii.sonnun  whm  free,  but  innoc 
tiouB  after  contact  with  an  acid.  Dr.  Sivierato*  collected  the  aqueous 
vapor  of  the  breath  of  persona  suffering  from  diseases  of  respiration 
both  with  and  without  fever,  of  ])ersons  with  no  respiratory  dieeasc 
but  with  fever,  and  of  persons  in  hoaltli,  and  injected  it  intii  rabbits. 
That  from  those  with  respiratory  diseiisi'N  i)n)rlncod  fever  and  dimia- 
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tithral  rrflext!)  Iiuling  3-6  (luy« ;  that  from  an^ea  of  fever  witli  no  rcs- 
piraton,'  disease  uiuscd  little  or  oo  dUturbancc  ;  and  that  from  persona 
in  health  prodmvd  do  results  whnU'ver. 

Many  otber  ex  peri  men  te  re,  Frencli,  Gcrniitn,  Itnlinn,  Atnoriean,  and 
KoglUlt,  HTirkiitg  along  the  liaiue  linen,  but  with  extra  jirecauiioti^  to 
exclude  nuittcns  from  the  none  and  moutJi,  ha\'c  I'uiled  to  obtain  any 
Coxk  effects  from  the  conde[i.-ic<l  vapor  ;  others  have  demonstrated  that 
the  lungs  exhulc  no  organic  ntaltc-r  except  in  minute  umoiinto,  tind  that 
these  have  no  poigonouH  influence. 

Arloing,  however,  (in»  pursued  the  subject  further  »o  as  to  include 
the  sweat  constituents  among  the  deleterious  agents  of  vitiated  air. 
He  Hoiiked  in  diitlilled  vralor  the  undernhirt  of  a  nmn  who  hud  ifi|K^nt 
■  kMig  evening  in  dancing,  and  injected  the  Infui^ion  into  dogs  ;  tbey 
became  dr'iw'!«y,  sutfi-n-d  livmi  vicili'iil  diarrhu'a,  and  shortly  died.  The 
diBwcre,  dmilarly  treated,  gave  a  liquid  whioli,  iiiJLt^ted  into  rabbits, 
prodooed  clonic  apa.<imn  followed  by  paralyRini  and  death. 

Sbotild  these  results  be  oonlirmed  by  a  mure  scientific  rewnrcli,  in 
which  the  possible  influence  of  the  bodv  bacteria  and  other  agents 
should  be  eliinitut<-d,  it  will  have  to  be  udmitted  that  the  cHi-al  [(os- 
enaes  a  high  degree  of  toxicity.  Until  such  confirmation  is  re- 
ported, howe\'cr,  tlic  weight  of  evidence  lewl»  to  the  conclusion  that 
the  injurious  action  of  vitiated  air  is  due  to  the  dimiuution  of  oxygen 
and  the  iucrea.'>e  of  ojirbonic  acid,  Imlh  of  which  factors,  alone  or  to- 
gether, interfere  witli  the  intake  of  oxygen  and  lliu  excretion  of  car- 
bonic acid  from  the  lungit.  Yet,  diminution  in  oxygen,  which  even  in 
verj"  crowded  rooms  do«  not  proceed  very  fur,  i»  met  by  inerense  in 
the  resfwratory  function  which,  however,  cannot  increase  the  difference 
betvre<-n  tlie  twision  of  the  carbonic  acid  of  the  nir  and  of  tin?  bUnxl. 
Not  even  in  very  badly  ventilated  mines  does  the  oxygen  fall  much 
below  20  per  cent  by  volume,  and  thin  we  can  see  that  the  whole 
ruigv  of  fluctuation  in  the  oxygen  of  good  and  very  bad  air  is  but 
little  more  than  one  volume  per  cent. 

Smith  and  Iluldnne'  have  shown  that  in  n  leiidun  ehnmber  contain- 
ing air  which  had  undergone  but  slight  diminution  in  oxygen,  but 
whieh  contained  384  parts  of  eurbonic  ncid  in  10,000,  two  men  suf- 
fered from  headache  immediately  on  entering. 

Aa  a  mil-,  bad  air  ik  luaocinted  with  high  teini>eniture  and  saturation 
with  aqueous  vapor,  which  latter  interferes  with  evaporation  from  the 
skin.  Ij(!S»  oAcii  it  in  a^^^ocistcd  with  low  tem|)erature,  and  with  this 
condition  comes  an  increased  demand  for  oxygen  to  meet  the  require- 
ments of  the  oxidation  processes. 

ft  «oems  probable  that  where  the  carbonic  acid  is  not  present  in  any 
great  excels  and  the  oxygen  ia  not  markedly  deficient,  the  conclusion 
arrived  at  by  Dn.  Weir  Mitchell,  Billings,  mid  Itergey  is  true ;  namely, 
that  the  discomfort  suflered  ia  largely  and  chiefly  due  to  heat  and  dis- 
agreeable odora  arising  from  the  occupants  in  various  ways  ;  from  bud 
bfoath,  unclean  skin,  unclean  clothes,  sweat,  and  gases  from  the  bowels. 
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Such  may  indoce  very  disagreeable  senaations,  even  atDoanting 
niiiiwn,  in  those  nhu  htv  not  liahitiiatott  to  such  influfinoes,  but  no  i 
other  hnnd,  those  n-ho  are  accustomed  to  such  air  notice  no  dls 

l>i8aBnMTahIi>  ;tincll.'«  do  not  act  directly  as  a  eatise  of  specific  du 
biit  ap{)car  to  have  an  iofluenpe  on  the  ttp|>ctitc,  and  hcnoe  on  the  | 
oral  wi'il-liping  nf  [lerHonn  not  accustomed  to  them,  ^[uch  Um  oImI 
tiie  imaginariou  ;  a  disuj^rcoublv  smvll  from  a  wuroe  known  to  bee 
(chemicalfl,  for  in.itancc)  has  not  ordinarily  as  much  influence  as  , 
other  of  cqiinlly  oflensive  olmniclcr  Kiip]Ki!^Hl  lo  he  fivm  lilll). 
seems  probable  also  that  there  is  tunch  to  Icani  concerning  the  1 
effects  of  flisigix-Hibk-  smells  and  that  they  maybe  mort-extoni^iwl 
we  now  commonly  believe,  bnt  in  order  to  determine  this  we  shall 
methods  which  will  reveal  the  nature  of  the  odoriferous  eul: 
and  make  their  isolation  possible. 

Other  canses  of  dt^eomiort  may  be  sought  for  in  the  presence  of  ( 
of  carbon  monoxide  from  hcutinp;  ap{Mrutus  or  inooinpleic  ooml 
of  illuminating  gas,  and  in  excessive  dryness  of  tlie  air  due  to  fan 
or  steam  heal. 

It  must  not  be  overlooked  that  impure  nlr  may  affect  the  vitality  I 
biietericid»l  power  of  tlie  cells  of  the  air  pa<'uifrc.t  and  of  tli«  all 
tnry  tract,  and  thus  lower  the  power  to  resist  the  action  of 
material. 

The  Air  as  a  Carrier  of  Infection, 

On  the  flgvncy  of  air  in  spreading  infit-tious  matter,  much  ha 
said  and  written,  and  much  o^ireful  research  has  been  conducted,! 
the  o^nclu.'<ions  reached  am  by  no  roean3  in  agreement  or  codcIh 
It  is  generally  conceded  that  pathogenic  organisms  in  theairaifl 
berent  to  particleu  of  dust  of  various  kinds,  and  that  their  n-tentki 
virulence  depends  u|)nu  ihe  Hinuunt  of  hygroscopic  moisture  with  ' 
they  are  associated.  The  conditions  favorable  to  their  continui 
living  organism.'*  are  naturally  more  likely  to  obtain  in  indoor  air,  1 
imperfect  ventilation,  than  in  the  outer  air,  where  they  arc 
and  blown  about  and  ex{tosed  to  the  disinfectant  action  of  the< 
rays  of  the  sun.  Indoors  or  outdoors,  the  more  they  ar*-  )irol« 
hygroscopic  dust  particles,  the  longer  they  will  retain  the  moil 
which  is  essential  to  their  viability.  It  appears,  too,  that  cood 
being  equal,  certain  micro-organisms  retain  vitality  longer  thao  i 
some  lieing  but  slightly,  others  very  tenacious  of  life. 

With  regard  lo  the  transmission  of  pulmonary  tuberculosis  tbr 
the  air,  it  mn.st  l>e  said  that  while  there  can  be  no  doubt  that  tbisi 
ease  is  preeminently  connecte<l  with  over-crowding  and  bad  air,  i 
is  a  very  dei^ided  difference  of  opinion  as  to  the  method  of  oouven 
Kome  contending  (hut  dust,  and  others  that  tuberculous  material,  thn 
into  the  air  by  coughing  and  sneezing,  is  the  vehicle. 

Buchner  has  foinid  the  bucitlus  in  an  active  state  in  tiic  dust 
room  a  year  after  tlie  death  of  its  occupant  from  the  disease.    G.  Co 
■  Z<iiacliri[i  fur  Ufgicna,  V.,  p.  191. 
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demoDstnted  itn  prcitenct^  in  over  a  lliird  of  1-17  xainplfs  uf  ^uet  col- 

bctod  in  hoepttals  and  oilier  public  ttioti  tut  ions  and  in  pnvatfi  houses 

inhabited  hr  plilhisics!  per-ioiui,  and  sui^ctf-ded  bklcr  in  pnidiK'tn};  the 

■ItHVsc  in  46  uut  of  A'^  f;uiniii-pig»  l-xpositl  loiiirc-oniainingdunt  frnni 

dried  tnberculous  sputum.     Some  of  the  aiiimal.i  wen-  jilncctl  eight 

tndMt  from  u  gliiM  v«««el  containing  dried  iiulverizcd  t-putum  from  an 

■dvuicol  case;  others  were  placed  on  shelves  8  to  ^8  iiichcji  from  the 

floor  of  a  nKitii  on  (he  carpet  of  which  sputum,  m'wiA  with  dust,  liad 

Wb  eprvad  and  dried  and,  at  tlie  end  of  two  days,  etirred   up  hy 

LWeejHng ;  othere  were  allowed  to  stay  in  the  room  without  any  di»> 

torhHier  oftbe  diut. 

KWin  obtained  jtositive  results  with  guinea-pign  placed  in  the  ven- 
.tUniag  shad  uf  a  (^viifiimptivcs'  hoifpitnl,  hut  Hcruu '  obtained  but 
18.7  fa  cent,  of  imsitive  results  iu  74  guinea-pigs  iiioeulated  with  dust 
jfrooi  the  vcntilaiiiig  tthufl  of  the  Lnndon  Hi»<pi(ul  iiiir  Dieoaws  of  the 
l'(^,  and  Kirchner  *  fjot  but  one  jMisitive  result  out  of  1 G  pigs  inocu- 
I  hbA  with  the  dimt  from  a  military  hoxpital. 

RopRp,  on  the  other  band,  wa»  wholly  unsuccossful  in  Indticlng  the 

ikoK  in  guinea-pig»  exposed   to  siifh  dust,  and  eonrludiil  tlml  the 

tnruoiiMion  from  one  pci>on  to  another  is  cbielly  hy  means  of  the 

Kant  droplets  thrown  into  the  air  in  speaking,  coughing,  and  sneezing. 

Ffnoi  later  fjtjwrimcntx,  conducte<I  under  his  eupcrvision  by  Ijiischt- 

iriHvko,  Ileymsnn,  Slichcr,  and  Ik'ninde,'  he  concluded  that  in  rooms 

b  which  ttilxTCuloun  sputum  in  drli-d  on  the  floor  or  other  placos,  and 

ivixrc  ibe  air  is  filled  with  coarse  dust  through  dry  clfuning  and  idr 

DIa  or,  tm  in  railway  cars,  by  continual  nicchaiiicnl  jarring,  infec- 

I  Aty  arise,  and  that  under  these  conditionH,  long-continued  cxpo- 

!  oflers  a  certain  degree  of  probability  of  infeerion.     Therefore,  dry 

i»  to  be  avoided  in  rown-i  in  which  eonsumptivcsiiR' employed 

•ilh  others,  and  the  rooms  should  not  be  occupied  so  long  as  the  air 

i»  prra-piibly  ditsty.     Tin*  gn-at  possibility  of  infection  thi-ougb  mat- 

ImtliruH-n  off  in  coughing  and  sneezing  is  insisted  upon  as  of  para- 

.BKNint  im)iort«ncc.     This  danger  \*  to  be  prevont<-d  by  rei|niring  the 

rpmoD  coughing  to  hold  a  handkerchief  or  the  hand  Iicforc  (lie  mouth 

'AdHd^  llie  act,  and  hy  the  avoidance  on  the  part  of  others  of  approacb- 

;  ■itluD  a  meter. 

Aanrtring  Flilgge,  Cornet'  contends  that  the  number  of  bacilli 

■ftwn  into  the  air  during  the  art   of  coughing  must  be  extremely 

Dall.     lie  caused    18  coni^nmplives  to  bold  dishes  before  the  mouth 

:  coughing,  and  ot>taincd  two  ]>nMtive  results  therefrom  on  inocu- 

.  into  guinea-pigs ;  repealing  the  lest  with  ITj  others,  be  got  none. 

Ziehen  *h1m>  disagrwes  with  I'liigge  a.t  to  the  possibility  of  trans- 

•winn  of  germs  in  general   through  the  air  and  believes  that  it  ia 

iDcb  awiolol  by  evajioration  of  water  from  surfaces  ujwn  which  thoy 

>TW  OncM.  Jan.  6.  )8IM. 

'Ztttorhrifl  (Or  njiticnn  uiid  Inrprlinnnkninkhi'itcn,  XIX.,  p.  IS3. 
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•  tkrliDcr  klinbf he  WochenarhHft,  ilar  13,  1899. 

•TMbvw  MMiole,  Ha;  10.  IS'Jd. 


sss 


AtB. 


are  dcpoHitctl.  He  oblaiitcd  pcMitivc  multit  from  inoculation  of  (irop- 
leta  coudeosed  on  tb«  upper  sur&ce  of  a  vecisel  in  which  a  culture  of 
bacilhi»  pyorrnn^u:*  had  beeii  iiicuhat4>d, 

E3C]>eriiuratfi  conducted  at  the  Adirondack  Cottage  Sanilariuni 
Dr.  I.  H.  Hance  '  for  (he  purptise  of  del<'rinini[ig  the  decree  of  An 
of  infection  when  all  poK^iblc  limitary  measures  for  the  care  and  dial 
Section  of  sputum  are  enforced,  support  the  vi<!w  tiiat  duHt  in  the  air  i 
ofaecondarf  im]>ortiinop,  but  that  wliorc  lurclctisne&s  in  thia  r^ian)  i 
tains,  tlie  ^i^er  is  a  real  one.  A  complete  examination  vms  madei 
the  group  of  liuildinfp),  »onie  of  which  hud  l)c<.>»  occupied  bv  conaao 
tivcs  for  eleven  years.  Dust  was  collected  from  places  ino<<l  likdj  I 
be  infected,  and  with  it  81  guinea-pigi;  were  inoculated.  Four  inocti>] 
lated  with  dust  from  the  infirmary  («  building  where  all  tlie  acuti 
sick  arc  ^cnt),  and  from  the  main  building  in  whidi  arc  a  parlor,  i 
ting-room  and  library,  died  of  other  infections  on  (he  third  to  tlti 
sixth  iiny.  Five  of  the  ten  inoculated  with  diLit  from  the  oldest  i 
lage,  which  was  occupied  by  a  man  who  had  been  complained  of  fii^J 
promifiCimus  spitting,  became  tuberculous,  Thoae  inoculated  with 
dust  from  the  other  building:*  gave  negjitive  rcsidls.  During 
year!*,  not  one  of  the  20  to  35  attendants  employed  had  ever  dc\-cIop 
tiie  disease. 

Ail  to  typhoid  fever,  too,  opinions  urc  at  variance.  Dr.  Jo 
Browiilci>  reported  before  the  Glasgow  Philatnphical  Socictj'  an  ei-" 
pcrimont  proving  that  lhi>  Kpeeific  bacilli  can  live  in  ordinary  di»l. 
Bucbner  is  of  the  opinion  that  neither  typhoid  nor  other  fevcriti 
thus  be  spread. 

Perhaps  the  most  extensive  n-Bcarch  on  the  subject  of  trannnliaoBi 
of  this  and  oiIit;rdi*ca.'*esis  that  conducted  by  Dr,  Kduurdo  Germ-ino.' 
In  his  experiments,  be  used  various  kinds  of  dust  and  dirt,  and  from 
his  rc-siiltrt,  he  ooncludea  that  the  typhoid  germ  is  unable  to  witlii>Iai)dj 
complete  drying  und  hcixr-  cannot  bi^  transmitted  to  man  through  i3a 
dry  enough  to  be  disseminated  by  air  currents.     Experiment  slioi 
that  the  giTin  can  live  for  a  long  time  in  moiKt  surround ings  even  i« 
[fui  apparently  dry  condition,  that  is,  when  adherent  to  or  encomE 
I  by  mutters  wliifh  contain  a  certain  amount  of  moisture,  such  Mi 
^ing,  particles  of  dirt,  and  lead  tilth.     Most  of  the  l>acilli  die  asi 

5rogrcs.4e9,  but  some  are  more  or  less  resistant,  though  not  neceesarilv 
angerous  on  admission  to  air  current.*,  i*inci'  then  complete  drying  anii 
consequent  death  occur.  They  arc  dangerous  only  in  easi-  of  introdutuofl 
into  the  system  ihrtiugh  contact  with  the  iiiigiTS.  fiKxi,  oreating  ut 

With  regard  to  diphtheria,  he  found  that  the  bacillus  wilhstundsl 
drying  in  membranes,  tissues,  and  dust,  even  when  the  drying  proctfi] 
ig  a-tsisted  by  sulphuric  iicid,  and  thnl  its  resistance  is  greater  acrardingl 
to  the  amount  of  enveloping  material  which  retards  oxidation.     Wh 
completely  dry,  it  prcwrves  ils  full  vinilt-nce  up  to  the  time  it  die 
Hence  his  belief  that  this  disease  can  be  disseminated  by  air  curreoU^ 

■  Hcdioal  Beconl,  Unt^brr  'JS.  I89&. 

•  y-'"clirififiir  llvpeno  und  InfucUonskniaklidtcn,  XXIV.,  p.  403 :  XXV,,  p. 
*'".,  yv-  6G«ii<i  2TS. 
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With  rpgnrd  to  pneumonia,  erysipelas  and  other  Htreptococcus  infeo- 
tiona,  he  finds  that  the  r^iAtanoe  of  the  orgnniitni  to  the  ilninf^  procvM 
ii  alwiiy:>  high,  though  it  varies  with  the  method  followed  and  the 
nature  of  the  enveloiHRg  material,  aiid  may  hut  a  niiniber  of  nimilhs, 
Tran»miKt<ioii  through  the  air  ia  extremely  probable.  The  diploeood 
can,  in  general,  hear  drying  for  a  long  time  ;  some  varieties  last  longer 
when  dried  tlian  if  moist,  and  »nme  have  hut  little  resistance  ;  but  th« 
rapidity  of  the  drying  process  witJi  medium  temperature  does  not  affect 
the  result.  He  found  that  the  eholora  organism  retains  ita  virulence 
only  m  long  as  it  rcmaios  moist,  and  diee  quickly  on  drying,  particu- 
larly if  the  process  is  ha.ttoncd.  He  oouoluded  that  diseemiuation  by 
air  U  rnosl  highly  improbable. 

His  work  with  the  plu^iii^  iiadllus  confirms  tlie  results  announced 
by  KitiL-^to  and  Wilm.  This  does  not  withstand  drj'ing,  but  lives  a 
long  lime  in  a  moist  condition.  It  remains  active  fairly  long  when 
dried  on  cloth,  because  tlien  complete  drying  requires  a  long  time,  and 
thus  may  be  explained  tlie  danger  of  infection  recognized  to  exist  in 
infected  clothing. 

His  experiments  with  the  diplococcns  of  epidemic  cerebro-spinal 
meningitis  agree  in  results  with  those  of  Jiiger,  who  found  the  organ- 
ism in  an  active  condition  in  a  handkerchief  six  weeks  aller  use  by  a 
patient  sick  with  the  diN?ase.  (iermauo  ithow!*  that  it  belongs  tn  the 
elan  of  bnct^-riu  which  show  the  greatest  possible  resistance  to  drying, 
whether  the  process  is  slow  or  quick,  and  whether  assisted  by  the  action 
of  sulphuric  acid ;  and  concludes  that  it  may  without  difficulty  get  into 
the  air  in  the  form  of  dust,  and  thus  spread  the  infection. 

Dr.  Max  Ni;isser,'  working  in  the  same  line  with  an  apjiaratns  of  his 
own  design  which  establishes  a  constant  aspiration  current  of  dusty  in- 
fected air,  di.sogrees  with  Ocrnmiio  as  to  llie  piiC'nuiO(^»ccu.s,  inunmuob 
••  while  mice,  inoculated  with  infected  dust,  died  from  the  infection 
without  exception,  2-1  others,  iiioeulntcd  with  (Ik-  sanio  dust  after  it  had 
been  »rnt  through  the  apparatus  in  a  current  of  uir,  gave  abiK>l(iteIy 
negative  resultti.  His  experiments  with  various  organisms  led  him  to 
the  cuiicUisiun  that  dust  infection  is  impos^iible  with  iht.'  orgrmisms  of 
diphtheria,  typhoid  fever,  cholera,  plague  and  pneumonia,  but  poosible 
witli  iitaphylo coccus  jiyogencs  aureus,  B.  pyocyaneiis,  B.  anthracia,  B. 
tuberculosis,  and  meningococcus. 

His  conclusions,  so  far  as  they  relate  to  diphtheria,  are  opposed  to 
the  results  obtained  by  Itichardi^re  and  ToUemer,'  who  made  a  scries 
of  examiuatiouA  of  the  air  of  diphlhcrin  wards  of  the  HApital  Trous- 
BCau.  In  one  wt  of  experiments,  the  wards  hud  not  been  disinfected 
for  Beveral  weeks,  and  in  another,  the  examinalions  were  made  after 
disinfection  bad  been  carried  out.  The  results  showed  that  active 
diplitheria  bacilli  wen'  pi-e-^eut  in  the  air  which  had  not  undergone 
disinfrction.  The  bacteriological  tests  were  controlled  by  inoculation 
experiments  with  animals. 

'  Zcitidirift  fat  HvRime  iini)  InfrclinnnkmnkhcilMi,  XXVI.,  p,  17C. 
'Gawltv  tint  Mnliuliv?  Iiiruiuilfn,  No.  10,  MW. 
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With  regnrd  to  tlie  poi^bilitj'  of  ^preiuling  cholera  ^mu  tbiou 
the  fl^ticj'  of  tno\'iDg  air.  Dr.  \.  William  '  has  rcporivcl  thai  wh 
tJuit  nwaiiit  liait  Ik^-ii  n^nlii]  a.'<  moHt  favorable,  in  acttial  exf 
it  fails.  Mixed  will)  iln' diifit.  the  grrnis  live  but  U  «hort  time,  i 
pcmh  more  quicklj'  when  a  current  of  air  is  conducted  throuf[hl 
duet.  When  tlM-  duet  it;  distributed  ttiroiigti  bii^v  voIiiiitc«  of  air,  i 
germs  die  rapidly,  and  when  the  impregnated  dust  is  let  fall  upoaj 
suitable  culture  only  a  very  fmiiill  proportion  of  living  or^^ni^msi 
be  found.  In  other  words,  cholera  germs,  ailhercnt  to  dust  pnrtic 
floating  in  ami  muvcd  about  by  air,  eiinnot  reLiin  their  activi^  for  i 
length  of  tJme  nor  through  aoy  considemblc  distanoe. 

The  experimenU  of  Hmtsell  *  indicate  that  the  cholera  organism  fin 
no  favoring  conditions  for  its  passa^  into  the  air  from  its  sit 
in  privy  vanlt.4. 

Tlie  matter  of  dan^r  of  cholern  infection  by  dust  from  baled 
was  thoroughly  considered  at  the  Dresden  Cholem  Conference,  anil  i 
was  (hen  fbnnd  ini|H>ssiblv  to  quote  a  single  nine  in  which  lufe 
oould  be  traced  to  thiii  source. 

Acoortling  to  Dr.  K.  W.  Hope,*  atma'^pheric  dust  is  largely 
fiible  for  the  spread  of  infantile  diarrhceu  in  cities  iiiid  large  lo« 
where,  from  largely  unavoidable  causes,  tlie  air  becomes  more  or  I 
laden  with  filtli.  He  presents  evidence  of  tlie  a.Hsooiation  of 
and  its  attendant  cleansing  of  tlio  atmosphere  with  diminished 
tality  from  cliolcraio  diurrhwji,  as  follows: 
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Influence  of  Fog. 

Dust  and  moisture  togetlier  in  the  form  of  fog  affect  the  health  i 
large  communities  in  a  marked  degree.  In  a  still  air  nearly  or 
plctely  sittiiraU-d  with  atpicons  vajxir  and  uontAining  ordinary  dust  i 
smoke,  a  fall  in  tempemtiirc  causes  each  particle  of  dust  and  sootj 
become  the  nucleus  of  a  minute  di-oplet  of  condensed  moi.-iture.  Tt 
countless  iln;iplet.s  tii  a  !*late  of  suspension  form  a  more  or  less 
blanket  of  fog,  which  impedes  the  dispersion  of  the  impurities  gi» 
off  by  nnturni  pri)ce.-*.-«es  and  as  products  of  combustion.  While  oP 
nary  country  and  seiishore  fofjs  are  not  known  to  exert  any  deleterio 
vtTectj*,  in  smoky  cities,  like  London,  the  c-a-ne  is  (juito  dilTercDt. 

■ZoUiiclirift  (iir  IlTgkiic  uud  InfcninnnkninkliiFitcn,  XV..  pL  IG8. 

«Uem  aim  dan  |)nih()1()K-nnati»nil9ch«ii  liiHtiuit  xii  Tubiiinn,  18M. 
Hcaltli,  Julv,  IHUO. 


It  is  n  wdl-R-cogtiizocl  fsvt  that  during  periods  of  heavy  foga  in 
mnfacturiofc  centers,  tJie  morbidity  and  mortality  fruin  respiratory 
Smhos  arv  vrry  gntitW  incri-ji:iiiHl,  iind  tliut  ns  tlic  ataimipliere  clear8, 
tdnrp  decline  follows.  In  London,  for  example,  the  iiniml  deiith  mtc 
famt  wl  CBtKie' ha*  btien  known  ft  Itetume  almost  doubled  during  a 
fntiiight  of  oonttnued  dene«  smoky  fog,  and  then  to  return  to  it^  iiornml 
i^Bt  with  ibe  advent  of  clear  weather,  the  increa«c  licinjr  du«  par- 
[linhrlr  to  bronvhitts  and  other  nffections  of  the  respiratory  traot,  at- 
'tiiMea  to  the  irritating  inHueni.%  of  the  Unely  divld^'d  ]i»rtiulc»  of 
■DM  tod  thr  adds  which  Hvcompany  llicm. 

Daring  the  prevalence  of  thick  fogs,  the  air  being  neceawirily  in  a 
itifMBt  coodilion,  it  has  been  ohocrved  tlint  thv  carhouic  acid  content 
n  progronvely.     During  one  such  period    following   bright 
r,  tm  air  of  Ixindon  Roqiiinid  in  four  diiy:!i  three  and  a-half 
t  its  normal  content  of  this  gas. 

'.  iiiiportuncv  of  vmoke  Imlit  a^  a  promoter  of  di.seaM  and  on  ao* 
tanat  of  its  corrosive  and  disfiguring  at-tion  on  buildings,  and  also  on 
MODOBt  of  thff  ulMtnietion  of  light,  htu<  led  to  tnuoh  legi-ilation  and  to 
)Aeeurci«C  of  inventive  genius  for  devising  means  tor  the  prevfiition 
'tf  ito  disehai^  in  objectionable  ainounl.t  into  tlie  atmrj>4phere  of  dties. 
Ibar  palcnta  have  bcvu  gnuit^tl  for  smukc^-onsuming  device:<,  mu!«t 
•f  which  have  been  found  to  work  unsatisfactorily.  The  most  effective 
Wi'enuon,  which  give*  pn)nii!i«  yf  solving  tin*  problem  miwt  coinpli-toly, 
Btw  which  has  been  hronght  to  the  attention  of  the  Department  of 
Sbte  by  ConrtuI  (teJicral  Miuiin.'  Tlii?  pnitX'HK  eonnints  iti  diricribiilirjg 
,  Wiled  and  elightly  compressed  air  through  hollow  gmtc  bam  to  the 
l>l>rit  k)wier  aurfaoc  of  the  furoaoe.  Not  only  is  practically  perfect 
MHioetioa  attained,  bill  imnieuw  saving  of  expense  is  possible,  mnoe 
are  ordinarily  unsalable  low-grade  coala  can  be  employed  to 
PpMot  advantage. 

Examination  of  Air. 

lor  all  practical  purposes,  the  examination  of  air  may  be  restricted 
th^  deicrmi nation  of  thv  amouiita  of  atpicous  vapor  and  carbonio 
The  essential  element,  oxygen,  fluctuates  within  such  very  nar- 
Iiiaitc4  that  iU  estimalinn  is  a  matter  of  purely  iicientilic  interest, 
■WiTOvrr,  the  process  is  one  which  demntids  a  much  higher  de- 
of  manipulative  skill  than  is  |(o««efti<ed  by  those  to  whom  the 
Uof  naklng  sanitary  examinations  ordinarily  fiill«.  Thecliief  oob- 
■itwnt,  nitrogen,  is  practically  constant  in  amount  and  itji  deteniiimi- 
!£■  maid  MTVC  do  uveful  pur|ioi<c.  \\''hiitcvi-r  is  the  cause  of  the 
WMtrions  effects  of  an  atmosphere  vitiated  by  respinition,  whether  it 
korlionic  acid  or  the  organic  matters  given  off  by  the  body,  this  at 
MH  n  certain,  tliat  tlie  amount  of  carbonic  acid  serves  as  an  index  of 
inparitT,  and  that  the  amoimt  of  a(]UeouR  vapor  is  of  considerable 
■fliton-  importance.  In  special  wise.*,  it  !>•  important  to  look  for  that 
dat^eriHia  contamination  carbon  monoxide,  which,  coming  even  Id 

'CoMuUr  Reportt,  1699,  p.  491. 
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very  Btoall  amounts  from  leaking  gas  pipes  and  other  sooroes,  cxcrb  il 
doinilc<]ly  deleterious  influence.     In  tbe  niindR  of  man^,  the  test  for 
ozone  is  also  of  imporluDcc. 

In  addition  tn  chemical  analysis,  the  determinatioa  of  the  aoiount  ti 
duBt  and  the  iiiim)>i.'r  ami  vanvtiM  of  mict^>-orgai)ii<in»  )>re«enl  may  U 
of  inttu-eftt  and  imporlance, 

Detennioatioa  of  Aqaeoiu  Vapor. — A:*  has  been  .stated  abow,  * 
volume  of  air  at  a  given  t^-'mpcraturc  can  hold  a  definite  amount  of 
moistnn;  mid  no  mon;,  and  wlit'ii  thi.i  amount  'm  pr&icnt  the  air  is  mi 
to  be  saturated.  The  nmount  which  a  volume  of  air  oontain?)  Koosa- 
tut^  it«  ahiioluti!  humidity,  and  the  difference  hetween  this  and  the 
amount  which  it  is  possible  for  it  to  hold  is  known  a»  its  tatnranoa 
deficiency.  The  ratio  which  its  absolute  humidity  bears  to  its  possible 
content  is  known  u>f  il«  reliitiw  liiiniidity. 

Direct  Determination  of  Moisture  by  Weighing. — Prepare  two  small 

WHle-nioulliwl  (la.-dtsiil'alxinl  loOcc.  capacity  in  tlie  following  manner: 

Provide  each  with  a  tightly  fitting  rubber  stopper  with  two  pcrforatiou 

Ltlirough  which  an>  inserted  two  pieces  of  glass  tubing  bent  at  a  right 

Ipngle.     One  of  these  reaches  to  the  bottom  of  llic  Il:i5k  ami  servcsasan 

Fdo.  9. 


Apjttntui  for  dinet  ilctHiBiiuitlvo  »(  nsMuT*. 


inlet ;  the  other  extends  only  a  short  distsincc  below  tbe  stopper 
eerves  as  an  outlet.  Fill  the  tiaska  with  small  pieces  of  pumice  whicJi 
been  heated  to  n  high  t«>nipcniturv  over  u  Buusen  burner,  dropped  t 
hot  into  concentrated  sulphuric  acid,  removed  therefnim,  and  qui 
draint^.     Thi;  two  thus  filled  and  with  stopjKTf  lightly  inserted 
tlien  to  be  connected  by  means  of  a  short  piece  of  rubber  tubing,  tl 
inlet  of  one  Joining  tJie  outlet  of  the  other.     They  are  tiicii  weigbe 
The  Hiixk  with  the  free  outlet  tube  is  now  to  be  connected  with 
aspirator  by  means  of  which  from  30  to  liO  liters  of  air  arc  dra* 
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As  the  nir  eomcs  in  contact  witb  tho  piimict?  sntiiraled  with 

ic  acid,  tiie  taller  deprives  it  of  its  moisture  and  then'bv  gaiun 

in  weight.     At  the  expimtion  of  tht.>  iwpinttiiif;  prorc^',  thi-  flu^lcH  aro 

.  disoonaected  from  tJie  aspirator  and  again  wi>it;hed.     The  increase  in 

Iwdgfat  reprcflciiti^  the  amount  of  ntnioHpliun-  in  i)k-  voluaivof  airuscd. 

'  The  apporntus  is  shoivn  in  Fig.  !l. 

Knowing  the  It-Tiipcratnre  nf  tJie  air>  onv  onn  F"»-  l"- 

Mwly  determine  the  rcUitive  humidity  by 
'reference  to  the  table  below,  which  ^hows  tiic 
tiutxiniuin  humidity  possible  at  different  tem- 
penitares. 

UBLX   OP    MAXIMUM    WATER    CAPACITV    FOR 

TSK  urens  of  aib. 
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IX 

es-B 

0.100 

30 

86.0 

0.301 

Det«rmiiiatioa  of  Relative  Humidity  by  the 
wet  tnd  dry  Thermometei  Bulbs. — Tins  inslrii- 
meiit,  whii-h  ■!«  known  nW  as  the  p^yehrom- 
et«r,  consists  of  a  pair  of  accurate  themiom- 
etera  on  an  upright  Mip|x>rt.     The  l)ulh  of  uiie  ruTohromenr. 

is  free;  that  of  the  other  i:^  covered  with  a 

Inyer  of  ninslin  kept  m(>iil<'ucd  by  nK-iin>«  of  ii  picw  of  wicking  which 
(lipit  into  a  small  vessel  of  water  beneath.      (See  Fig.  10.) 

In  a  .satiinilt-<l  atnidSjilHTC,  no  ova]iomtioti  can  wwur  fixira  the  wet 
tnuflin  ;  but  in  one  not  suttinited,  the  process  get's  on  with  varying 
rapidity.  Evaporation  i.'«  a  procesw  which  rfi|uiiv.f  heat  and  causes  a 
lowering  of  tlic  tcnijH-rutiirc  of  the  moist  surface  ;  tlii'  more  rapid  its 
(ate,  tJie  greater  the  abstraction  of  beat.  The  drier  the  atmosphere, 
the  greater  the  rat«  of  cvuponitiuii  and,  tlicrefurc,  the  grcatvr  the  fall 
in  temperature. 
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If  the  ioBtrument  is  placed  in  a  satarated  atmosphere,  the  two  ther- 
mometers will  give  the  same  readings ;  but  in  one  not  saturated,  the 
wet  thermometer  will  fall  gradually  until  the  sur&oe  of  its  bnlb 
has  reached  nearly  the  temperature  of  the  dew  point ;  that  is,  to  that 
point  at  which  air  at  that  temperature  is  so  saturated  that  a  further 
lowering  would  be  followed  by  condensation  of  moisture.  As  a  mat- 
ter of  &ct,  the  wet  thermometer  does  not  fitll  eo  far  in  a  quiet  air,  sinoe 
its  bulb  becomes  surrounded  by  a  layer  of  stagnant  saturated  air  and 
receives  more  or  less  heat  from  the  surroundiag  warmer  atmosphere. 
Again,  in  a  saturated  atmosphere,  the  wet  thermometer  may  stand 
slightly  higher  than  the  dry  one,  owing  to  the  feet  that  its  covering 
protects  it  from  loss  of  heat  by  radiation. 

For  the  purpose  for  which  it  is  intended,  the  instrument  is  exposed 
until  the  wet  thermometer  ceases  to  fall,  and  then  the  reading  of  both  is 
noted.  From  these  dat«,  with  the  assistance  of  Grlaisher's  factors,  the 
dew  point  is  easily  calculated  in  the  following  manner :  Multiply  the 
difference  in  the  two  readings  by  the  factor  opposite  the  figure  in  the 
table  corresponding  to  the  temperature  of  the  dry  bulb,  and  subtract 
the  product  from  this  temperature. 

olaisher's  table. 
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Hsving  DOW  determined  tlie  dew  point,  the  next  step  ia  to  ascertain 
the  elastic  tenaion  of  the  vapor  present  in  the  air,  that  is,  the  tension 
of  the  dew  point,  and  the  tension  of  that  necessary  for  saturation  at  the 
temperatnre  of  the  dry  bulb,  which  data  can  be  obtained  by  reference 
to  the  following  table : 


TABLE  OP 

TENSIONS. 

ToDpan- 

Com- 

TmuIod 

Tanilon 
ia  mm. 

Tempci*- 

roiT«- 

TaDiloa 

Tanilon 

IQ  iDin, 

iDra. 
ruraobalt. 
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1 
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1.17 

61 

9.60 

2 
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52 
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56 
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14 

—10.0 

0.082 

2.08 
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« 
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s 
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« 
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4» 
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From  these  scvt-nd  data  tlic  rvlntive  humidity  is  calculated  as  fol- 
lows :  Divide  the  tension  of  the  dew-point  by  that  of  gmlurotion  at 
the  ncltial  tiimpcrutiirv  and  multiply  by  100. 

Example. 

Rob  ding  of  dry  bulb _ ^67° 

Iti'iiiling  of  wvibulb. ^...=^62° 

I>o*  uiiHit =07  — (8X1.80)  =  67— 9  =  fi8' 


lictntivr  buroidttjr. 


=  p-g^j  X 100  =  72.92  per  cent 


More  noi'iii'ati'  dctormiiiftti<in  may  1)g  made  by  employing  tbe 
"  whirled  "  or  "  sling  "  thermometers.  These  arc  fast^mcd  to  a  tiling 
of  Buoli  a  length  that  the  distance  from  the  biilba  to  the  held  end  is 
exactly  u  meter.  In  use,  they  arc  whirled  in  a  horizontnl  plane  100 
times  at   the  rate  of  one  revolution  jier  .-locond.     By  tlieir  use,  tiie 

errors  mentioned  a»  likely  lo  oeeiir  when  the 
^o-  "■  observations  are  made  in  still  air  are  climi- 

nuted.  For  all  practical  purposes,  theuaeof 
the  thermometers  in  tbe  ordinary  way  gives 
(■uffieieiitly  accurate  resnltn. 

In  making  determinations  ont  of  doors 
when  tbe  tomperature  is  below  the  freexine 
point,  the  nnck  may  be  dispensed  with  and 
the  bulb  is  then  wetted  by  dipping  it  into 
water,  the  excess  being  removed  by  means 
of  a  bit  of  Alter  paper  or  common  blotting 
pH[>cr,  or  water  may  be  applied  with  a 
camel's-hair  pencil.  Below  the  freezing  potnt> 
however,  the  relative  humidity  is  of  little 
hygienic  interest,  since  tJic  amount  of  nioiit- 
ture  which  air  can  then  contain  is  but  slight. 
^  A  very  cwnvenicnt  inst.nimcnt  for  quick 

approximate  determinations  witliout  tbe  no- 
K'si^ily  iif  tables  mid  conipntalion  i.«  known 
ii^.  the  hygrophant  of  Winloek  and  Iluddlcs- 
tun.  It  eoiisists  of  a  pair  nf  thermometers 
and  a  cylinder  upon  which  m  inscribed  » 
series  o^  :i2  columns  of  figures  numbered 
from  1  to  22,  any  one  of  whicli  can,  by  s 
turn  of  a  knob,  be  brought  into  apposition 
with  a  fixed  scale  on  the  cjwiug.  (See  Fig.  1 1 ,)  To  n-'^cerluin  tbe  relative 
humidity,  note  the  diflercncc  in  the  readings  of  the  thermometers,  turn 
the  cylinder  nntil  the  e<tlumn  having  at  itH  toj)  the  inimlxir  correspond- 
ing to  the  difrercnec  appears  opposite  the  scnlc,  and  read  the  lignrcs 
opp«)site  the  number  corresponding  to  the  temjierature  of  tbe  wet  bulb. 
Kxample. 


l.^     Il]rgn)]>)iiiiil, 


liwiIiiiK of  ilri'  Imlb. 
Kvndingof  «<..[  biilb . 
Uilfctpiicc 
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Tltc  cyliDflcr  ie  tuniol  until  column  12  sppeare.  Opposite  60  of 
ihe  scale,  the  Tt?a(liug  is  4(i ;  and  this  is  approximately  llie  p).^recntAga  of 
■turation  |ir''<>'til. 
Detennination  of  Carbonic  Acid. — For  tlie  collection  of  Hiiniplfis 
of  nir  for  this  flclermiiiiition,  it  ia  well  ti)  provide  a  number  of  bottlea 
of  about  a  gallon  capacity.  These  must  lirst  of  all  be  very  carefully 
mi:&«iircd.  This  can  be  done  by  filling  them  with  ico  water  and  not- 
ing the  number  of  cc.  required,  or  by  determining  by  means  of  plat- 
form scaler  sensitive  to  ft  grams  the  dilfcriMn*  tH-twcfn  tlioir  weiglit^t 
empty  and  filled.  It  itt  well  to  plnco  a  distinguishing  number  and  the 
figurea  denoting  its  capacity  on  each  bottle  eitlier  on  a  lal>cl,  or  better, 
1^  meuu  of  a  writing  diamond.  Whoii  used,  the  bottle  should  be 
perfectly  clean  and  dry. 

When  it  i»  neocssary  to  employ  the  sanm  bottle  again,  time  being  an 

object,  the  drying  process  is  vor>'  much  hastened  by  washing  first  with 

water,  then  with  a  little  alcohol  to  remove  the  j^midl  umoimt  of  water 

which  will  not  drain  uway,  and  finiilly  with  a  little  ether  for  the  re- 

^  uoval  of  the  residuum  of  alcohol.     The  small  amount  of  ndhtTcnl  ithcr 

I  may  then  be  rrmove<]  by  blowing  a  current  of  ulr  into  the  bottle  by 

[Baeans  of  a  bellows.     A  number  of  tightly  fitting  rubl>er  (»)>»  should 

b*  providetl  in  plivce  of  corks  or  nibljer  atoppers,  though  if  these  arc 

not  at  hand,  the  latter  may  be  used  ;  but  note  should   be  made  of  the 

volume  of  nir  which  tliey  diftplaoe  whop  they  are  inserted. 

Solutions  Required.  1.  Solittion  up  Barhtm  HvmtATR. — Dis- 
wlve  about  -l.-i  grams  of  barium  hydrate  and  O.'t  of  barium  chloride 
in  a  liter  of  distilled  water  which  has  been  pre- 
vioi»ly  boiled  in  order  to  expel  any  carbonic  acid 
which  it  may  contain.  It  w  well  lo  prepare  an 
'  UDouiit  sufticient  for  future  needs,  say  4  liters,  and 
kMp  it  in  a  bottle  such  an  m  jdiown  in  KJg.  12. 
This  ia  provided  with  a  rubber  stopper  with  two 
perforation.'*,  through  one  of  which  a  bent  tnl>e, 
ricacfaing  to  the  bottom  and  intended  for  witb- 
dfmwal  of  the  reagent,  is  inserted.  Through  llii> 
Other  is  carried  another  tube  extending  only  into 
the  neck  and  communicating  at  its  outer  extremity 
with  a  U-tuIn:  filled  willi  pieces  of  pumtec  sonkcd 
while  hot  in  a  strong  solution  of  caustic  jmtasb. 
The  <li.-livory  tnlte  carries  at  ila  outer  end  a  piece 
of  closely  fitting  nibber  tubing  which  is  kept  closed 
by  means  of  a  pinehcock. 

In  withdrawing  the  reagent  tor  nse,  a  100-cc. 
pipette  us  inserte<l  into  the  free  end  of  the  rubber 
tube,  HUetiuu  is  applied,  and  the  pinehcock  is 
Opened.  Wbeu  the  pipette  is  filled  to  the  mark, 
Inc  pressure  is  removed  froTn  thn  pinehcock  and 
the  pipette  released.  As  the  reagent  is  withdrawn,  air  flows  in 
ithroiign    the  other  opening  and  is   roblwd  of  its   carbonic   avid  by 


Pio.  12. 


Boillaruibtrlunhr- 


S3S 
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contact  witb   the  caustic  potash  with  whioh  the  pumice  has  been 
diurgod. 

TJiiB  reagent  is  used  for  Uic  ubeorption  of  the  carbonic  acid  ood- 
tnim'd  in  tlie  sample  of  air  under  examiuation.  The  reaction  is  ex- 
pressed by  the  followin);  rormiila  : 

IinO,II,  +  CO,  =  BaCO,  +  n,0. 

The  function  of  the  buriuin  chloride  is  explained  below. 

2.  Standakd  S()^,^.■■na^  of  Oxalic  Acid. — Diiteolve  2.S08  gram* 
of  pure  oxftlic  ucid  in  u  liter  of  distilled  wulor.  One  cc.  of  this  solu- 
tion is  ecjuivnleot  to  0.5  cc,  of  carbonic  acid  ;  tiiat  Is  to  say,  will  neu- 
tnili^.-  till.'  Minx-  amount  of  Imrinin  liydrutc  as  will  combine  with  car- 
bonic acid  to  form  bnriiini  carbonate. 

3.  Soi.nTios  Of  PHENoLPHTUAt.KiN. — Dissolve  0.5  grain  of 
pbenolpbthalcin  in  100  cc,  of  aloohol.  This  solution  is  used  aa  an 
"  iudioAtor  "  of  alkalinity. 

Process  of  Analysia. — The  jiroccse  of  aniilysls  ilcjwnds  upon  the  fact 
llial  mIk-h  a  volnme  of  ihe  barium  hydrate  ^oluliuii  ift  brought  into 
contact  with  oHrbuuie  acid,  its  alknltnity  is  diniiuislied  by  the  forma- 
tion of  barium  carbonate,  which  is  a  neutral  body.  The  greater  the 
amount  of  carbonic  acid  to  which  it  is  cxposeil,  Ihc  greater  will  be  the 
reduction  of  its  alkaline  strength.  A  preliminary-  determination  of  the 
amount  of  oxalic  acid  solution  which  100  cc.  of  the  resp-nt  will  neu- 
tralize is  made  by  titrating  2d  cc.  contained  in  an  Krlenmeyer  flask  and 
colored  by  means  of  a  few  drojw  of  the  phonnlphthiilein  Hinlution,  and 
multiplying  the  result  by  four.  After  the  reagent  has  been  subjected 
to  Ihe  influence  of  tlie  gas  in  the  air  sample,  a  similar  determination  t« 
made.  The  difference  between  the  two  results,  ilivided  by  two,  indi- 
cates the  number  of  oo.  of  carbonic  aoid  present  in  the  amount  of  air 
employed. 

The  sample  of  nir  is  obtained  in  the  following  manner :  One  of  the 
bottler  above  mentioned  is  placed  in  the  situation  from  which  the  nir 
is  to  be  obtained,  and  its  air  content  is  displaced  by  means  of  a  bellows 
provided  at  its  outlet  with  a  rubber  tube  of  sufltcient  length  to  reach 
nearly  or  quite  to  the  liottom.  A  linlf  minute's  pumping  is  sufficient 
to  insure  tliat  the  original  air  is  qiiite  replaoed  by  tliat  under  observa- 
tion. One  if  wimetiinft*  iidnionitthcd  to  Ijc  careful  not  to  brcntlie  in 
the  direction  of  the  mouth  of  the  bottle,  but  this  is  an  unnecessary 
prccimtion,  since  the  current  issuing  from  the  bottle  is  much  too  powers 
fill  to  admit  of  the  cnt^an(.^e  of  any  air  except  that  propelled  by  the 
bellows.  A  much  more  and  very  neoe!«ary  pncauliim  to  be  ob- 
serve! is  that  the  operator  sliidl  not  allow  his  breath  to  reach  Ihc  inlet 
holeH  of  the  bellowa  After  a  half  minute's  pumping,  tlie  rubber  cap 
is  affixed,  and  the  bottle  may  then  b«  carried  to  llic  labomtory,  or 
better,  the  treatment  of  the  contained  air  may  be  proceeded  with  on 
the  npot. 

Another  method  of  collecting  the  sample  is  often  recommended  in 
place  of  the  one  described.     It  consists  in  tilling  Uic  boltle  with  water 
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and  emptying  it  wh«re  th«  air  is  to  be  taken.  By  this  procees,  tlie 
i«|<4ico  onginiilly  (xvupim)  hv  vnitcr  ik  lUlod  witli  nir,  litit  the  tm^tliod  k 
ob)eetioDal>le  in  itiat  tlip  waliT  cjtnnot  drain  away  cotnplptcly  and  that 
that  wliii-h  ri?iunin.->  Iteliiixl  mtvcs  to  dilute,  Kliglitly  it  in  tnif,  llie 
charge  of  barium  hydniK;  next  to  be  lutroducL-d,  and  thus  brings  in  an 
error  at  the  ven'  oulAet. 

A  hundred  oc.  of  the  iKiriuni  hydrate  solution  are  next  introduced  by 
dravfing  aside  the  edge  of  ihe  rubber  oap  and  inwriing  into  the  open- 
ing f.*  miidf,  (he  point  of  the  l))i<^<I  pipette,  and  alluwiii^  \i»  contents 
to  flow  unaided  into  tJie  bottle.  The  beginner  will  often  incline  inad- 
vertently to  gain  time  and  asKiift  the  emptying  of  the  pipette  by 
blowing  into  it,  thereby  vitiating  his  resulte  with  the  impurities  of  hia 
own  respiration.  Af  acwn  as  the  pipette  ix  emptied,  it  tH  wlllidniwn 
and  the  edge  of  the  cop  replaced.  The  bottle  is  then  thoroughly 
tdiaken  for  about  It)  niinuteii,  care  Iteing  observed  not  to  wet  the  cap 
stoco  in  that  event  some  of  the  reagent  may  e«M;upe  by  capillary  nltrao- 
tioo.  At  tlie  end  of  that  time  it  may  he  assumed  that  all  of  the  oon- 
taiaed  carbonic  aci<l  lta»  been  brought  into  eonliiel  with  nnd  absorlied 
by  the  barium  hydrate,  which  is  then  to  be  [loured  quickly  from  the 
bottle  through  a  good-vized  funnel  into  a  gliiHS-stoppen-d  bottle  of 
tatlKr  more  than  J  0(1  ce.  capacity. 

The  solution  which  is  now  more-  or  1<*»  turbid  from  tlie  presence  of 
bariaiD  carbonate  is  allowed  to  stand  until,  through  settling  of  tliia 
Mlbstanoe,  the  8U}>ernntAnt  li<)uid  i>>  (jnite  clear.  Three  i^uceesiiive  [K)r< 
tiODBof  26  CC.  each  are  next  to  he  withdrawn  by  means  of  a  pi|>ctte  of 
Ihe  proper  fare,  and,  after  addition  of  the  itidiuitor,  titrated  in  Rrlen* 
meyer  flasks  with  the  standard  oxalic  acid  solution  until  the  pink  color 
cau»ed  by  tl>e  former  is  made  lo  disappear.  So  long  as  any  color 
ri-Ruitn«,  one  knows  that  Ijnrium  still  exists  in  the  form  of  hydrate  and 
that  the  oontenta  of  the  flask  are  still  alkaline,  for  phenol phthalein 
gives  a  pink  tinge  only  in  the  prewntv  nf  the  alkalies.  When  tJic 
pink  color  disappears,  the  process  is  finished  and  the  reading  of  the 
borette  is  noted.  The  three  portions  of  '2^  ce.  each  are  titrated  in 
tarn,  and  the  mean  of  the  results  is  multiplied  by  four.  The  diflVr- 
eooe  between  lliiti  product  and  the  %ure  obtained  in  Ihe  preliminary 
teat  of  the  strength  of  the  roigrnt,  <livided  by  2,  indieatex  the  number 
of  oc.  of  carbonic  acid  in  the  volume  of  air  taken  for  analysis. 

In  filling  the  '2^-cc.  pi]X!tte  from  iho  bottle  ct)ntnining  ihc  used 
(^agent,  great  eare  must  be  observed  not  to  stir  up  the  sediment  of 
barium  ejirl>onate.  To  perform  the  o|MT3lion  prniwrrly,  it  in  necessary 
to  insert  the  point  of  the  pipette  well  below  the  surface  and  to  fill  it 
up  to  the  mnrk,or  juiit  )>eyond  it,  by  one  uninterrupted  act  oftiuelion. 
If  one  stops  to  regntn  breath,  part  of  the  liquid  already  within  the 
pifwite  will  es<3ipe  downward  during  the  interval  with  Huflirietit  foree 
to  stir  up  the  sediment.  When  the  pipette  is  filled,  the  point  of  the 
tongue  should  he  applied  to  its  upper  end,  and  the  tip  should  (hen  be 
wi(hrlrawn  from  the  l)<)ttle.  Then  by  pliictng  the  end  of  the  forefinger 
over  the  opening  of  the  tip  of  (he  pipette,  the  escape  of  its  contents  is 
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preveoKid  while  tiic  foreGogcr  of  th«  other  hand  is  replodug  the 
of  the  toDgne. 

The  reaiton  for  iiiich  cnrefiil  avotdaDoo  nf  xtirring  up  Uie  eedit 
that  tbe  presence  of  barium  carbonate  iiitruil(ici'>t  u  slif^lit  error  ia 
titration.     The  nlighl  excess  of  oxalic  acid  present  when  the  color  j 
tilt-  phenol phtliule in  is  disctiar)^-d  itttjicks  tUv  ^ui^iK-ndvtl  bunum  < 
bonate,  forming  t>ariuni  oxalate  and  setting  free  the  combined 
■cid.     Thus : 

n,C,0. 4-  B«CO,  =  BBCV3.  +  n,o  +  CO, 

The  free  carbonic  acid  then  uttsclu  more  of  the  carbonate  and  for 
barium  bicarbonate,  which,  being  soluble  and  of  alkaline  reaction,  can 
the  pink  color  to  reappear. 


■>Ba   -B.H,(CO,V 


The  reason  for  adding  barium  chloride  in  making  tLe  bariun 
drat«  solution   is  that  most  barium  hydrate  contains,  in  addition 
Hinall  iinioiinls  of  curbuiinte,  truces  cither  of  caustic  s>hIu  or  of 
potash.     When  either  of  these  substances  i^  brought  into  contact ' 
barium  chloride,  mutual  deoompositiou  occurs  and  we  have  at 
barium  hydrate  and  sodium  (or  potassium)  chloride.     If  the  impar 
were  disregarded,  it  would  cau.-te  errors  as  shown  t>elow.     The  lirin 
hydrate  nolution  when  titnited  with  oxalic  acid  would  behave  ac 
ing  to  the  following  formula : 

arfXH,  +BBOt\  +2NjiOH    +21I,C,0,  =  B»C,0,  +H*COi  +S«,C,0,+J 

(Bulura         (Birliini         (ftodlum  (OiaJle  (Buium  (SsJlus 

hydnMJ       urbuuDtti)      hydrate)  aAliI)  diaIbM)  viLalftlal 

In  practice  a  very  slight  excess  of  oxalic  acid  is  also  present, : 
the  reaction  then  proceeds  still  further.     The  .'^lum  oxnhite  at 
the  barium  carbonate,  furming  barium  oxalate  and  sodium 
Thus: 

N*,C,0. + B«CO,  =  B»C,0.  +  >*.,00,. 

Next,  the  ttodiiim  carbonate  neutralizes  the  traces  of  the  free 
add,  and  any  surplus  causes  a  reappearance  of  the  pink  color  anil 
consequent  further  addition  of  oxalic  ucid.     This  causes  tbe  format' 
of  more  sodium  oxalate  which  in  its  turn  attacks  another  portknl 
llie  hnrium  carbonate  with  tbe  same  r^ulti*  ai>  iK'forc ;  and  so  the  < 
continues  until  the  last  trace  uf  8u*|x-mktl  carbonate  is  dcoom| 
If  the  hydrate  contains  no  impurities,  the  addition  of  chloride  is  < 
necessary. 

Corroctioas. — In  fif^urii^  the  results  of  the  determination,  oer 
corrections  are  neoeasar)'.  First,  the  volunx-  of  the  bariiitn  hydr 
used  (100  c(^)  inu.it  be  subtntctcd  from  the  capcily  of  the  boH 
nnoe  its  introduction  displaces  an  equal  volume  of  air  ;  and  next,  I 
nust  be  made  for  any  dcportutv  from  standard  temper 
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Mid  barometric  preitsare,  since  ttie  najmcity  of  the  sample  liottic  is 
radtODcd  for  uir  iit  0°  C  nnd  760  mm.  pnveurt-.  In  unlcr  to  miikc 
lite  necessary  cx>rrections  for  temperature  and  pres^urp,  the  themmm- 
«-K'r  mill  txiroiiK-ler  mu.Til  \»-  notinl  itt  the  time  of  talking  the  sample. 

In  dctflrmining  tlie  antount  of  oorrection,  we  are  guided  by  two 
jiliysical  tawit :  that  for  uich  ik-gri'c  of  tt-iiipcralnre,  air  cxpaiid.-i  a  con- 
stant fruction  of  it«  own  volume  (Luw  of  Chnrles),  and  that  the  volume 
of  a  gas  ts  inversely  projiorlioiiate  to  the  preiwiire  (i^iw  of  B<n'le). 
For  eadi  dcprcc  centigrade  above  or  below  0°  C,  air  cxpimdH  or  t^on- 
tnota  0.003til)48  of  its  volume ;  nnd  thi.t  figure  is  knuwD  as  the  co- 
effleient  of  expansion  for  centigrade  degrees.  l"""»r  eaeh  degree  Fahren- 
heit above  or  Wow  ;J'i°,  air  expands  or  contraeta  0.002030  of  its 
viilume  ;  and  thi*  i»  known  ii»  thi;'  cwfficiunt  of  expiinsioii  for  Kaliren- 
licil  degrees.  Thus,  1  liter  of  air,  heated  to  40"  C,  will  expand  to 
1  -f  (40  X  0.00:i6648),  whioh  ecpiaU  I.Ml>-'>!f2  liters  ;  or  healed  to 
104*'  F.  (104"  P. »  40"  C),  it  will  expand  to  I  +  (72  x  0.0020:16), 
which  equals  1.146-')9'2  as  befiire.  Again,  the  same  volume  moled  to 
—  Vi"  C.,  wi!l  contract  to  1  —(15  x  0.0036ti4>t),  or  945  cc.;  or  cooled 
to  5"  F.  (o*  F.  =  ITy"  C),  it  will  become  1  -  (27  x  0.0020:16)  or  945 
cc  w  before. 

So  an  apparent  volume  of  1,000  oc.  at  anv  temperature  above  freer- 
ing  is  in  mility  a  simUli^r  volume  expande<l  to  that  Mtn ;  and  at  any 
temperature  below,  is  a  larger  volume  brought  to  that  »i»e  by  con- 
tnclion. 

To  correct  volume  for  temperature,  we  must  ilivt<le  the  apparent 
Tolume  by  1  plus  the  product  of  .0(>.'i6(>4H  times  the  number  of  de- 
gnas  away  from  0"  C,  or  in  cnsc  of  tcmpcniturus  below  freezing,  by  X 
miDiH  that  amount.  If  the  Fahrenheit  scale  is  used,  the  appropriate 
cosfBoient  nnd  factors  must  be  )>iili><tituted. 

Thus  we  may  employ  a  set  of  formula!  as  follows: 

Fw  l«i.i>rn.Ii.r<.  nboMO*  C Y=  ,-^„-oo36«Ma^ 

For  tompeniun.  bclo.  0»  C. JV=  i_ajgaaM&.t>  C 

For  w,mvo™.u«»  »Wo  8!"  P. ^=1  ■^■o.O<BtJ'tf  F.-tt) 

For  lemptmorw  below  .12"  F F=  ,  -yBoStoO  (32-t°  F.) 

In  the  above,  V  =  correct  volume. 
l"^a]iparent  volume. 

Inasmuch  as  volume  is  inversely  proportionate  to  pressure,  the  true 
▼olume  at  nuy  ohnrved  jires-sure  is  obtained  by  rnulliplying  the 
apparent  volume  hy  the  barometric  pressure  expressed  in  millinii'lcrH 
or  inchvs,  and  dividing  the  product  by  760  or  by  29.92  as  the  case 
may  Im!.     Wc  may  use,  thcji,  this  formula : 

'~     780    • 
16 
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Applying  it,  we  flod  that  so  apparent  \-olume  of  1,000  cc.  tt  iM 
mm.  bficomes 

1,000  X  yso 

760 


=  M7ct 


or  using  the  other  M-ale,  tltc  buruiueter  xtunding  at  29.53  ioches(! 
in.,  750  mm.)  it  bectinies 

1,000X29.63 
SO.  OS 


-V87  cc. 


If  the  haromcter  reads  higher  than  the  Btnndnrd  prewwre,  the  I 
vohmiA  will  be  grealf^r  than  the  apparent.     Thus,  ^ujkpo^  th« 
sore  to  be  30.22  inches,  tiien  1,000  cc.  will  reprrscut 

■^so-0?- =»■«"- 

Instcnd  of  Koiiig  through  two  8C])«rate  calculatirma,  we  may 
both  corrections  at  once  hy  means  of  one  formula  which  is  a  comb 
tion  of  the  (wo  kind:*  already  used.     For  t4>m[>emturc8  above  0°  C. 
correct  volume  if)  obtained  by  means  of  the  following : 


K= 


V  xB 


(l+0.003664&t']  760' 

By  changing  the  plus  sign  to  minus,  the  formula  is  adapted  to  I 
peratiires  below  freezing.     If  the  Fahrenheit  thermometer  b  usedi 
the  biirornetric   prtwaorc    is  expressed    In   inches,   the   formula  it  ■ 
follows : 

'  ~  [1  +  0.002036  (I*  P.  —  3S)3  29.92 
and  if  the  tcmpcruturc  is  below  32°,  it  muat  be  changed  to 

F y^B 

[I  —  0.002036  (aa  —  l-  F. )]  39.92 ' 

In  these  formula : 

V  =  correct  volume. 

V  =  apparent  volume. 
B    =  barometric  pressure. 
C    ^  temperature. 

Id  order  to  avoid  the  tedious  process  of  multi plication  and  diviiifl 
which  the  working  of  them;  formulae  involves  n'course  may  be  IukIJ 
the  admimble  tables  of  Dr.  Walter  Ilesse'  wherein  can  be  found  I 
correction  to  l>e  miiclc  for  all  tcmijemtures  between  —  2  ami  30'* 
and  all  pressures  between  UKU  and  7TU  mm.  by  simple  refereocej 
the  proper  <!oIunin.  — 

For  nil  practical  purpo^s,  the  coefficients  of  expanHon  tDsy  1 
shortened  to  (>.003GG  and  0.002,  thus  avoiding  much  Uguring  wbi] 
ha.i  but  very  little  influence  ou  the  end  results. 

■Tabclleniur  Rwlucliun  t'iiii>aG»«vuluiunn*urO''  uiidTSO  ruo.     Bransvid^l 
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Sxaaple  of  U«Uiod  of  B«ckonlns  00,. — Ca|mcity  uC  sample  botllv, 
3,R85  TO.  2'>  oc.  barium  hjdratc  mlutioii  irfjuiiv  lil  oe,  slniidard 
solution  of  oxalic  acid,  bencc  100  cc,  =  81  cc.  After  eoutact,  26  cc. 
require  1  "/J  «-.  ;    100  cc.  rctiuirc  GX.H  ce. 

Difference  in  oxalic  acid  required  =  8-1  —  f»8.8  =  15.2  cc 

One  cc.  oxalie  acid  toliilioii  =  O.o  cc.  CO  ■  hence,  in.'l  ec.  =  7.6 

The  air  in  the  bottle  <'oijtnini'(l,  therefore,  7.8  oc  CO,. 
Detcnninatioii  of  volume  of  air  taken  : 

ChiMcilyor  bottle =;3,«M 

Anoaat  ot  bnrium  luiliiiiiin =     ]00 

Appareitt  volume  of  air .=  3,TK.^ 

Obvrrred  l«it>nieiric  pmnura.. ^ ^Sfl.flO  inchcti 

OlMintvl  iecii|«muiv „ =  05°  F. 

y^  ».785X  29.80 112,036  112.030_ 

[1  +  (O.(i02036  X  33)]  X  2»92  "*  1.087188  X  21l^il2  "*    31.B3"  ~ 
3,fi0e  oe.  =  ttctiul  air  Tolaiuo  eiapiin«il. 

_l>en  .l.nfllt  ee.  of  air  cm  tain  7.6  cc.  of  COj.  If  bcino;  customary  to 
express  iMults  in  parts  per  10,U(JU,  this  rate  u  determined  as  follows : 

3BO0 :  7.6  =  10,000  ; i,    i  =  21.66. 

Hence  the  air  contains  21.fifi  vnliimeB  of  COj  in  10,000. 
Determliutti«n  of  00,  hy  Wolpcrt's  Method. — Thi§  prncegg  is  (leiiigned 
for  what  may  be  called  roughly  appniximaie  wiirk  in  le-sting  the  air 
of  Bcliool  rtM>m)f  and  similarly  crowded  »pucc^.  It  rcquireg  no  chemical 
I  trainini;  on  the  part  of  the  operator,  and  for  praeiiial  piir]H«wB  gives 
fairly  Hiilinraetory  rt'sultH,  indicating  tliut  the  air  in  rochI,  fair,  poor,  or 
Vcrj'  bud.  The  appuratuii  oonsistH  of  a  giaduated  glass  cylinder  with  a 
niovabli-  pi»lnn  n-jtcliinjr  to  tlic  liotlom  and  kcpl  in  proper  position  by 
■  metidlic  cup,  through  the  center  of  which  the  i^baft  protrude-i.  Th« 
shafi  is  a  gla.s.t  tube  nf  mirrf>w  ^ilihre,  open  at  iHith  eiid.'i.  The  reagent 
Uficd  in  a  iiitandard  solulion  of  alkali,  colored  with  pheiiolpblbalein. 

Id  making  a  te.st,  the  pi.'it'm  is  removed  and  2  ec.  of  the  solution  are 

introduced  by  means  of  u  pijicttc  into  the  cylinder.     The  piston  is  then 

replaoeil  and  pri-sscd  down  nntil  all  air  is  exjielled  through  the  shaft 

aud  llie  liquid  ap|KTiry  wilhin  the  bore.     The  piston  is  then  drsiwn  up 

natil  its  lower  edge  is  opposite  the  first  mark,  and   in  the   process  the 

i^woe  fo  miidb  i»  filled  with  air  which  enleri  through  the  i-liiiri.     The 

■pparstus  is  now  shaken  vijjnrously  for  nnc  minnte.     If  the  liquid  be- 

eomot  oolnrlcsK,  it  ii^  ])roof  that  the  air  of  the  nmm  is  bad.     If  on  the 

L other  hand  the  color  pereiBts,  the  piston  i-s  niised  to  the  next  pnidiuitton, 

land  tiie  shaking  is  renewed  for  anoilu-r  minute.     If  the  reagent  .'itill 

[retains  color,  the  piston  is  niiscd  fnrlhcr  and  more  air  in  iidniiile<l. 

The  pR>cc«H  is  continued  until  repeated  additions  of  air  and   renewed 

sltaktngs  csiisc  the  color  to  Iw  diselmrged.     .\l  this  point  tin-  reading 

of  the  scale  indteales  the  character  of  the  air.     The  greater  the  amount 
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Fio.  13. 


Wolprrl'ii  air 

tnwr. 


Fj«-  U. 


of  air  rcquirud  for  complete  do<x)Iiirixntioi),  the  less  tlio  relative  amount 
of  iiiijiiinly.     The  n|>|iariitn^  is  shown  in  Fig,  13. 

Determination  bjr  Ftta's  Uethod. — \  iiiodilitrnttoii  of  this  process  giv- 
ing rc^utta  which  nre  in  close  agreoment  with  parallel  nnnl^'ws  liy 
the  I'ettenkofiT  titetliod  above  ilesiirihwl  hiw  Ik'uii  devised  hy  Dr.  G. 
\V.  Fitz.'  The  apparatus  is  very  simple  and  coni<istfi  of  a  small  cylin- 
der of  glass  with  H  niniidyd  hott^ni,  and  a  smuller  open 
one  which  slips  into  the  other  through  a  collar  of  mbbcr 
tubio};  which  makeo  u  tight  joint.  An  the  inn«r  cylinder 
is  drawn  out,  air  enters  through  it«  upper  end,  and  its 
nmoiinl  cuii  Ik-  ineai^ured  by  the  graduationa  on  thv  o(it4T 
tube,  the  lower  tnarjjpn  of  the  inner  tube  serving  aa  an 
index.     (See  Fig.  14.) 

The    reagent   useil  is  a   l-[>er-cent.  solution  of  lime 
wawr  made  in  tlie  following  manner.     Alxiut  flii  ix.  of 
water  tH>ntuiiiiiig  u  few  drii{)s  of  phenol  pht  hide  in  solution 
are  neulralixed  by  the  addition,  drop  by  drop,  of  lime 
water,  which  cuiiscs  a  ]iink  ador  ihut  at  linsl  disuppeuni 
on  shaking.     Aa  soon  as  a  faint  tinge  persists,  the  com- 
plete nenlralizutiou  of  the  carbonic  acid  of  the  water  i« 
evident.     One  ec.  of  saturated  lime  water  is  next  added 
and  the  whole  is  then  made  up  to  100  cc. 
The  solution  must  be  made  as  needed, 
since   it   retains  its   full    strength    but 
about  1*2  hoiir!(.     In  making  a  test,  10 
cc.  are  introduced  into  the  outer  cylin- 
der;  the  inner  one  is  inserted  as  far  aa 
it  will  go  and  then   raised  to  the  10-cc. 
mark  on  the  scale,  which  mcanis  tlie  prm- 
enre  of  20  cc.  nf  air,  siuee  the  tube  ilitelf 
(■ontain.4  lUcc.     The  api>aratus  is  then 
closed  by  applying  the  end  of  the  fore- 
finger, and  shaken  vigorously  JIO  timcK. 
If  the   pink    color   persists,  the   inner 
cylinder  is  pushed   to  the    bottom    imd 
iheii  drawn  up  agiiiii,  and  the  operation 
ia  repeated   until   the  color  disnp]>Mir8. 
At  this  ]Miint,  the  amount  of  air  used  is 
noted,  and  by  n-ference  to  a  table,  tlio 
number  of  pans  per   10,000  is  asccr- 
tnined.'      l>r.    Fitz   asserts  that  in  the 
hands  of  an  ordinarily  careful  man  the 
proccis  is  accurate  within  one  part  of  (X),  in   10,000.     This  in  suIh 
Btantiatetl  by  Professor  L.  P.  Kinaicutt'of  the  Worcester  I'olyleohnio 

<  Journal  of  the  Mimn(-hiiHi>iu  AjwciBlion  of  Boanb  of  HuUh,  IX.,  ji.  0, 
*Thv  Rp)innitus  anil  ■.■omplcte  diiiKllnnji  (or  iim>  nn>  obtainable  of  the  Knott  App«- 
ntos  Company,  llmtoa. 
■Loco  cilato,  p.  a. 
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eiiiitr,  who  has  eniptovHl  th«  procc«s  hiin«eir  and  controlled  its 
«by  others  with  parallel  !ta:il,vses  by  the  Pettenkofer  method. 
DetartainatioD  of  Oarbon  Monoxide. — Whil«  a  number  of  proc- 
havc  been  d«risni  for  the  detection  and  determination  of  oarbon 
ncme  has  bet^a  disooverw]  as  yfit  that  is  wholly  ssitisfiictory 
totlierthai]  ijtmlilativf  work.     Tbi- f^iis  can  be  detected  qualitniively 
rapoainff  water  oontaining  a  small  amount  of  fresh  normal  bluod  to 
!nr  aader  fzaminatioi),  and  then  exnmiDiug  the  name  with  the 
ope.     If  no  carbon  monoxide  is  present  in  the  air,  the  char- 
ge alMorplion  lKimL«  of  oxyhwinnglobin,  shown  by  the  ipcclro- 
"wpf,  are  changed  to  a  single  band  in  tlie  space  between  on  the  addi- 
tjuofa  reducing  agent  ^ucli  m  ammonium  aulphide.     If,  however, 
tb(|;»  ts  preaeot  no  oltan^  oecura. 
1^  test  ia  applied  in  the  following  manner  :  A  few  drops  of  blood 
dilotcd  with  water  are  exposed  to  the  air  in  a  jar  and  brought 
1  inliniale  contact  by  vigorous  shaking.     A  few  drops  of  ammotiium 
phide  arc  next  added,  and  the  mixture  is  again  well  shaken.     If  on 
[>pic  examination  but  a  single  band  ia  observed,  the  absence 
fdegM  in  iintoimt  diHal  to  tbn-e  parte  jkt  10,000  may  be  inferred, 
riUs  is  the  limit  of  delicacy  claimed.     If,  however,  the  character- 
two  bandrt  of  oxyhiemciglobin  ujipear,  ihv  prenenoc  of  lb<'  im- 
Bty  to  that  extent  is  ptxtved,  since  otherwise  the  reagent  would  have 
fled  its  normal  effect. 
The  following  proces*,  devised  by  Fodor,'  ia  said  to  be  of  i^nfHcient 
■CT  to  d<-Ieot  one  part  in  "iO,000.     Freali  defibrinated  blood  is 
with  10  volumes  of  water  and  introduooil  into  a  large  jar  con- 
BiDg  the  9us|)ected  air.     After  being  allowed  to  stand  for  about  an 
'  wit)u>itt  bulking,  it  ia  transfenx-d  to  a  small  flask  pnivided  with 
tfopper  cJUTving  two  glass  tubes,  one  of  which  dips  beneath 
nrftce  and  connrdft  at  its  outer  eml  with  a  potash  lndb  con- 
palladium  chloride  solution.     The  other  tube  serves  as  an  out- 
,aiid  i.t  onnnecti^l   with  n  tH?riex  of  ibnte  potnHh  bulbs  oontaining 
tively  lead  acetate  solution,  dilute  sulphuric  acid,  and  palladium 
so  diluted  that  it  has  a  bright  yellow  color.     The  terminal 
'  ia  ronne<cte<I  with  an  aspirator,  which,  when  set  in  action,  rlravrs 

at  of  air  through  the  live  different  pieces. 
w  fluk  ortntAining  the  blood  is  healed  on  a  watcr-biitli   for  liflecn 
tlhtrty  minutes  witli  occasional  shaking,  ajid  roeaowbilc  a  slow  cur- 
I  of  air  14  drawn  thniugb  (b«  apparutu*.     When  the  bl')od  begins 
■  color,  the  carboxybaemoglobi n  decomposes  and  yields  its  CO, 
mJoon  the  palladium  contnine<l  iu  the  terminal  bulb.     The 
iride  of  palladium  in  the  tirst  bulb  is  for  the  purpose  of  removing 
tnoM  of  the  gas  and  of  other  reducing  agents  in  the  aspirated 
At  the  clo'c  of  the  operation,  if  the  blooil  contaimd  CO,  the 
idium  chloride  in  the  terminal  bulb  shows  a  precipitate  of  ri'ducfd 
liiim  ami  the  lifjuid  has  a  somewhat  darker  tint.     The  lead  ace- 
^a»d  dilute  solpburic  add  serve  to  remove  any  traces  of  sulpbun-tted 
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hytlmgcii  mill  iinmionm,  both  of  whidt  substances  will  cauae  precipic 
tion  of  the  pal  lad  i urn. 

Other  qiinliutive  test*  of  grcntor  or  loss  doIicMcy  include  the  following : 

1.  Mix  5  cc.  of  exposed  blood  solution  uiid  lo  co.  of  a  one-|)er-ceut. 
(lolution  of  tannic  add.  The  rttiidting  precipitate,  which  settles  very 
slowly,  hiiG  a  brownish-red  color,  if  CO  was  present  in  the  air  ;  otber- 
wiae  it  is  grnyi-Hh-hmwii. 

2.  Mix  10  cc.  of  the  blood  solution  with  b  t-c.  of  a  20-per-cicnt. 
solution  of  poIaA>^iunl  ferrocyanide  and  1  cc,  of  acetic  acid  {I  pari 
gladal  aoctic  ucid  to  2  of  water).  A  n-dilish -brown  precipitate  ia  in- 
dicative of  the  presence  of  the  gaa,  and  one  of  grayish-brown  8bow« 
il9  absenoe. 

3.  Bring  together  on  a  porcelmn  plutc  one  drop  rach  of  expoeed 
(lefibrinatod  blood  iind  rsodiiim  lmlntti>  nolutinn  of  a  specific  gravity  of 
1.300.  With  CO  blood  the  color  in  bright~R'<l,  while  with  normal 
blood  it  iii  brownish  or  bl»<-ki.4h. 

4.  In  place  of  thi-  nliuve  rciigcnt,  use  a  mixture  of  one  part  of  tJie 
same  with  three  of  calfiuin  chloride  eidlution.  CO  blood  gives  a  cair- 
inine,  and  unnnnl  blw>d  a  liglit-brrnvn  or  brownish-red  mlor. 

5.  Draw  air  thnmgh  a  tube  containing  a  solution  of  cuprous  chlo- 
ride, which,  in  the  pn-.^ence  of  CO,  de|K>sils  a  clianicIeriHlic  precipitate, 
which,  according  to  Herlhelot,  ia  CnjCI,C0.2HjO. 

Quantitative  DetenninatioD. — Niclnux  '  has  dpvi.ted  a  cnlorimetrio 
nictiioti  fur  which  he  claini§  great  accuracy.  It  is  bused  u^mju  tliv  fact 
that  by  the  aclinn  of  the  gas  on  iimIic  acid,  definite  amounts  of  iodine 
arc  sot  frt'c.  He  combines  this  with  an  alkali,  ;icidnbi(ci>  and  »hiikr« 
out  with  chloroform  or  carbon  dinnlphide,  and  then  compares  the  color 
with  .iDluliuns  containing  known  amounts  of  iiHlino.  Fnan  the  amount 
of  iutlinc,  the  amount  of  CO  which  caused  its  lilteration  can  be  reckoned. 

(iantier"  allows  the  litK-rutdl  iuiliric  toad  npoii  copper  foil,  and  de- 
toiniiocs  the  amount  of  CO  from  the  increase  in  weight.  He  also  dc- 
lerraine-s  the  (X)^  prudu(H'<l  by  the  action  of  i^idiiie  |H-iitoxide  on  CO ; 
the  result  indicates  volume  for  volume.  I'otain  and  Druuin^  rccoo^ 
mend  a  oolorimctrie  method  by  nicnnis  of  dilute  palladium  chloride  so- 
lution. 

Dttermination  of  Ozone. — The  allotropie  fnrni  of  osygeii  ads  upon 
potai^iuiit  imliitc  in  the  presence  of  moisture  and  converts  it  to  hydrate, 
with  libcrntiou  of  iodine,  according  to  the  following  foriDula: 


2KI  +  H,0  +  0,  =  SKOH  +  0,  +  V 


tThis  reaction  is  the  basi;*  of  nuMt  of  the  proeesscH  which  have  been 
proposed  for  (pialitative  and  <piantitative  determination,  none  of  which 
can  be  regarded  as  of  any  gn'iit  vahie,  since  there  are  many  sources  of 
error  to  be  taken  into  account,  sources  im|x)asible  to  eliminate  and  of 
importance  im[K)ssible  to  compute. 


Tomprw  rrndm.  I.XXVI.,  n.  7iti. 
•lliMwt.,  CXXVI.,  I.!..  1*71.  MI.  073. 
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Tb»  preaenoeof  ojwhc  in  the  air  is  snppoaod  to  be  demonstrated 
I  Ml  exposure  of  paper  i^turated  vrith  ittitrcli  pa»lo  containing  p»- 
iodid<^,  a  liIiM!  iioltir  gnkiliiull}'  dovclops,  owing  to  the  action  of 
ilibnated  ioclia?  on  the  starch.  Quantitative  detormlnntiuiis  are 
!  br  eomparing  the  tint  with  n  »lnii<Jiir(l  scale,  the  depth  of  color 
dqwndetit  upon  the  amount  of  iodine  liberated,  and  thi:*  upon 
lUDoant  of  oxoite  preitent.  The  paper*  ore  prepiired  in  the  follow- 
nanner.  From  2.50  to  10  (fmnis  of  starth  are  taken,  aecording 
I  tSe  reoofnniendation.i  followed,  and  after  tritunitiun  with  a  email 
nntof  ooid  water,  are  hoile<l  for  nhout  10  minutes  in  about  1!00 
Ltf  water,  and  filtered.  One  gram  of  jrota-^i^iiim  iodide  in  dilution  is 
added  gndfMlly  wilh  constant  stirring.  Strips  of  stout  filter 
tr,  wet  with  distilled  water,  are  soaked  in  tlie  starch  preparation 
Riltbey  are  tl>on>ughIy  iinpregnat«'d  (iiIkiuI  2  (o  I  lioiint),  then  re- 
with  the  aid  of  forceps,  r^pread  flat,  and  dried  in  the  dark, 
en  used,  lliey  are  hung  up  out  of  the  din-el  .Hunliglil.  mid  exiwised 
ra  definite  time,  then  removed,  moistened  with  water  and  compared 
'i  the  seale. 

The  vbjcctioiH  tu  the  priK^i^  are  thnt  a  number  of  other  HubstunccB 

li  mar  be  to  the  air,  as  certain  volatile  oi^nic  acids,  chlorine  ni- 

acid,  and  hvdnip'u  |M-n>xide,  caUKe  tliii*  «iiiie  chemieal  r<-ai'tiiiri  ; 

tbe  blue  color  is  de^trnvetl   by  other  subntances,  as  sulphuretted 

dngenaud  »iulphiimuti  add, and  that  light,  mointiire,  hcat.nnd  wind 

very  decided  modifying  influenc^cs.     Thus,  wind  brings  more  uir 

iCDOtacL,  ?<unlight  birachea  the  eoh>r,  inoUture  ha^itens  the  bluing, 

!  tii-at  diui[iiitc«  the  frw-  iodine. 

In  orHtT  to  differentiate  l>etween  ozone  and  nitrous  acid  it  has  been 

to  ni»«  neutral   litniiw  (violet)  paper  iniiteitd  of  ordinary  fitter 

'  in  making  the  strips.     Tlie  KOH  formed  in  the  reaction  will 

•  the  violet  In  blue,  while  nitroua  ueid,  ehlnrine  and  organic  aeids 

!  wjdvert  it  to  red,  or  bleai-h  it,  or  leave  it  unchanged. 

In  spill-  of  the  fallacies  nienhoned,  the  weight  of  evidence  thua  far 

in  oiconiroetry  shows  thut  the  r«'u<'tion  with  stareh  ia  most 

in  pure  air  at  the  sea-shore  and  at  great  heights,  and  that  but 

■IS  flhown  indnoti*. 

DeterminatiOQ  of  Doxt. — Dust  is  determined  quantitatively  in  two 

Jits,  and  Uh-  rt-Mili*  arw  wtprew^t-d  in  term.i  of  weight  or  of  niimbcr. 

I  Older  to  ascertain  tlic  writfht  of  the  dust  contained  in  si  givi'n  voU 

of  air,  a  chloride  of  calcium  tuW,  containing  ((erfeetly  dry  ab- 

Bt  eotton  or  glaas  wool,  i»  awurjitely  weighed,  and  then  attached 

la  water  suction  pump  u-ith  an  air  meter  between.     A  large  iiniount 

«r,  «ay  .^O")  liter*,  in  then  drawn  through  as  qniokly  aa  possible. 

bn  a  sufficient  amount  has  passed,  the  tube  is  detached  and  placed 

in  a  drying  nvcn  or  in  a  deaieentor  over  anlphuric  acid,  and  kept 

.it  nmseE  to  lose  weight  (moisture).     The  net  inrreaKe  in  weight 

■U  the  amount  of  dust  in  the  volume  <if  air  aspirated. 

ermine  the  numl)ir  of  duri  particle*   in  a  givi-n  volume,  the 

bod  uf  Aitkin  is  employed.     The  apparatus   includes  n  shallow 


A  IB. 


metallic  box  witii  glass  top  and  bottom  etched  in  fi4]iiare.').     Into 
box,  containing  air  which  lias  been  {reed  from  dust  by  filtration  throu 
eottfin  and  i»  kept  saturated  with  moisture  by  naeana  of  wet  Bit 
paper,  a  small  mctuured  amount  of  IIk-  iiir  under  exaiiiinntiun  it 
trodueed.     By  causing  the  formation  of  a  partial  vacuum,  each  ptr 
ticlo  of  dust  be«oin«(  contvd  wit}i  condensed  nioi.'*(tire  and  h^titx'  Uia 
to  fall  upon  the  etched  squares  of  the  bottom.      The  number  depositc 
is  r-<>uiit<-it  with  the  iiid  of  n  magnifying  gla.t.4.     The  number  of 
tick's  varies,  according  to  Aitkin's  oljscrvatJons,  from  8,000  to  100,C 
per  cubic  inoh  in  the  noiuitn-,  and  from  1 ,0()(),(H)()  to  ^0,000,000 
citicK. 

Bacteriological  Examination. — The  method  which  involves 
Ica^t  truiibli;  and  rc'tpiires  a  mitiiniuin   of  tip)>ur:tIii-«,  niiil  which  fori 
pmcticnl    pur|>osefi  gives   greatest   satisfaction,  consists   in    exposiD 
gelatin  plati>s  or  I'elri  dishes  for  a  d«flnit4!  period  of  time,  and  tb( 
covering  them  and  letting  the  colonies  develop.     After  the  proper  ii 
terval,  the  number  of  growths  may  be  counted  and   the   indlvidu 
Bpecies  isohil'il  and  studied.     TIiis  method  is  very  useful  for  comi 
tive  work,  the  results  being  given  as  the  number  of  colonies  whicB 
velopaftera  given  exjiiisurc. 

For  more  accurate  quantitative  work,  Petri'  devised  a  process 
sand  filtration.     A  glaws  tiilie,  !*  by  1.6  cm.,  serves  to  cairry  two 
filtcru    whieh    aro   arrnngcd    in    the    following  manner.     Two 
tightly   titling  diaphragms  »f  tine  wire  gaiixe  are  in»i:rted  into 
tube  to  a  point  niidwuy  Ix-twccn  the  ends.     Into  one  eide,  a  quao 
of  fine  quartz  siind  is  packed,  and  u|»n  it,  to  keep  it  in  place, 
diaphragm  is  driven.     Above  tliii*,  the  sjiace  is  filled   with  a  eMo 
plug.      The  tiilx'  is  now  reversed  and  a  second  filter  of  sand  if 
in  the  same  way.     .Alter  compli^te  Hterilixation,  the  cutton  plug  in  ' 
end  gives  way  to  a  rubber  stopper  with  a  single  perfomtion,  thr 
which  passes  a  glass  tube  connected  with   an  aspirating   pump, 
other  cotton  plug  in  rt'nioved  ami  thv  pRK^ess  of  suction  b«^un.    Wli« 
a  sufficient  amount  has  been  drawn  thi-ough,  the  two  fdti  rsiin 
each  by  itself,  and  mixed  with  the  nutrient  gelatin  from  wli:  ,;  ;.- 
are  next  to  Ik-  made.     The  first  filter  should  contain  all  of  tjie  oi; 
isms,  the  second  serving  as  a  control. 

Kicker  Kiiggi-stod  an  iniprnvciiient  in  the  construction  of  the  filt 
iibstituttng  for  sand,  which,  to  a  certain  extent,  mii><ks  the  eolo«ie 
Fpowdered  glass  which  hae  not  this  dil>ad^-uutBgc.     A  still  bctltri 
terial  is  fine  sugar,  the  use  of  which  was  first  Ruggcgt«d  by  Sedgwie 
The  advantage  of  this  is  that  it  is  dissolved  in  the  ]iquefie<]  gelatin  ; 
tlius  diiuippoHht  from  view  uuil,  therefore,  neither  masks  the  colon 
nor  can  be  mistaken  for  them  in  counting. 

Sedgwick's  method  of  collecting  organisms  and  obtaining  culturttl 
one  which,  on  the  whole,  is  preferidile  to  any  other  thus  far  bil 
His  apparatus,  known  as  the  aSrohioscope,  is  a  gla-ts  tube  about 
inches  in  length,  shaped  like  a  hydrometer  and  open  at  both 

'  ZoIWclirifl  fur  Hygiene,  lU.,  p.  1. 


BAUTEltlOLOGlCAL  KXAMUfATlON. 


240 


Tlip  narrow  portion,  which  makra  rather  lees  than  hnlf  th«  length  of 
the  tube,  has  an  internal  {liumetcr  of  0.'2  inch  ;  ihv  brtmihtr  [>ortion  liiia 
mn  inu-rnnl  dinmeli-rof  1.8  ludiea  am)  at  ite  free  end  is  constrictcid  for 
an  inch  to  ubont  half  its  size.  Into  the  outer  end  of  the  narrow  por- 
tion, a  diaphragm  coo^ii'ting  of  a  roll  of  fine  wire  ganz^  is  inserted  to 
Lad  ax  u  pliijt  for  llie  sngiir  tiltt-r.  The  two  open  ends  are  stopped 
'with  cotton  and  the  apimratiis  la  then  sterilized.  Tlicphignt  tlio  hirpT 
end  18  next  rcmovvn  and  rhi-  i>iijriu-,  sufhcicnt  in  amount  to  fill  the 
small  tube  above  its  contained  diaphnigm,  is  introduced.  TIr;  plug  iit 
replant]  nikd  then  the  whole  is  8t«rili»><l  at  120°  for  several  hours. 

In  use,  the  apparatus  is  held  in  n  vertical  position  with  ilic  narrow 
portion  down,  the  plugs  are  removed,  and  a  measured  volume  of  air  is 
dmwn  through  by  means  of  nn  aspirating  ap|innttua  connected  by  a 
mbher  tuhc  to  the  lower  end.  When  the  desired  amount  of  air  l)ns 
been  aspirated,  the  sugar  with  the  biicteriii  which  il  has  arrested  ie 
brought,  by  proper  manipulation,  into  the  broad  part  into  which,  liy 
nu-iins  of  a  bent  funnel,  ii  Tiuflicicrit  amount  of  liijuelied  nutrient  gelatin 
is  introduced.  The  plug  is  replaced  and  the  tnlH-  is  then  rollcil  and 
chilled  on  ic«  and  e«t  aside  lor  the  di'vclopment  of  colonies.  AOer  the 
proper  interval,  the  count  is  made  in  the  uKuid  manner. 

The  methods  above  given  have  generally  superseded  that  of  IIcksc, 
who  was  a  pioneer  in  this  brunch  of  invcsligtition.  Hin  iippnratua  con- 
[•itlA  of  tt  glawTt  tnhe,  28  inchca  long  and  about  li  wide,  supported  in  a 
horizontal  position  upon  a  wooden  Iri|Mid.  One  end  is  covered  with 
two  ruhl>er  cap^  the  inner  of  which  has  a  single  perforation  ;  the  other 
lis  dosed  with  u  rnlihcr  i>t>ippi-r  with  iiti  outlet  tube  of  ^\a^  plugged  at 
wfa  end  with  cotton  and  connected  with  a  piiir  of  a-spiiiiting  flasks  of 
■  Iit4ar  caimcity.  Tli«  tube  is  sterilized  and  charged  with  50  oc  of 
gelatin,  which  is  allowed  to  solidify  before  unr. 

In  cotidncling  the  operation,  the  outer  cap  is  removed,  thus  exposing 
the  inner  perfonitwl  one,  nnii  a  current  nf  air  is  drawn  slowly  through 
by  the  action  of  the  a.'^piratiug  fliisk,  which,  tilled  with  water,  empties 
ibscif  into  the  other.  By  n^versing  the  Hanks,  any  number  of  liters 
of  air  may  be  drawn  through.  In  its  passage,  the  air  de[K>»ilit  itx  hn<v 
teria  on  the  gelatin.  The  procefl.-*  him  many  disadvantages  and  can 
make  no  great  claim  to  accuracy. 
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CHAPTER  III. 
THE  SOIL. 


N'nTwrTHfn'ANDiNn  tbe  conslaot  and  neoessarily  intimnte  relatioii( 
all  lite  to  the  soil   upon   wliicli  we  liiiild  our  ImbitatioRR,  from  v'aa 
we  derive  in  such  great  part  our  supply  of  drinkiug  water,  into  wW 
wc  en«t  v«at  quiui(itie«  of  organic  filth,  and  to  which  we  consign  o» 
dead,  the  subject  of  the  sanitar)*  importaocc  of  the  soil   has  not  unl 
within  conipariili%'oly  recent  years   received    the  attention    which 
merits.     Tli»t  the  soil  exerts  important  iiifl(i<rncr«  on  ih<r  public  hald 
wa.s  n.ici)gnia>il  long  before  the  time  of  Hippocrates,  and  exten 
researches  on  the  subject  fij^ire  among  tiie  carlii^t  invetuigationt^ 
the  modern  ltvgieni>4t,  but  by  far  the  sreatest  part  of  the  attetition  ! 
hiu  iH'rn   piiiil  lu  the  study  of  tho  .'iioil  has  been  due  to  oonsiderauo 
of  public  wealth  rather  than  of  public  health.     With  the  grnduftl  i 
velopnicnt,  howx-ver,  of  a  more  accurate  knowledge  of  the  caiwtsj 
disease  has  come  an  increasing  interest  in  the  relations  of  the  will 
those  cauaes,  and  what  lias  hitherto  been  a  rather  neglected  fit-Id  i 
CXplontiun  nnw  bids  fiiir  to  bo  well  atul  thoroughly  tilled. 

That  portion  of  the  earth's  crust  in   which  wo  as  hygieni$t« 
interested  includes  the  su]>crficinl  layer,  known  as  tilth  or  arable  '• 
which  is  the  rvsult  of  disintegration  of  rocks  and  decay  of  anil 
and  vegetable  life,  and  the  subsoil  which  lies  directly  beneath, 
formiir  varic»  from  a  few  iiiches  to  M-vernl  feet  in  depth  ;   (he  1*I9 
extends  few  or  many  feet  downu-ard  to  the  hardpau  or  other  imp 
menble  stratum. 

Soil  i»  a  mixlun^  of  sund,  clay,  aiul  other  miucnil  sulistancen, 
humus,  or  organic  matter,  and  living  oi^nUms,  and  it  is  cla.vilinl  i 
cording  as  one  or  another  uf  its  constituents  prcdi)minnieit.      The  i 
classification  of  soils  includes  sands,  elays,  loams,  marls,  humus,  i 
peats.     Samitf  soi&t  consist  almost  wholly,  or  at  len«it  altove  foiir-fil 
of  pure  wind  of  any  kind.     0m^  arc  fitiSr  soils  eonsistiitg  chicSjrl 
silicate  of  aluminum  and  other  very  finely  divided  mineml 
Clay  exists  in  particles  of  tlie  smallest  (>oi>JsibU-  size,  is  very  oofae 
|KMW»M.-M  a  Iiigli  ilcgree  of  plasticity  and  plays  a  very  im[>ortaNt 
in  determining  the  fertility  of  soils,  their  texture  and  their  capadljf  j 
holding  water.      Its  pla«tieily  is  due  to  the  presenoc  of  a  small 
portion  of  hydrntcd  silirate.  uud  is  ven,-  greatly  modifie<d  by  llx- ; 
tion  of  lev,5  tlian  a  hundnxlih  (lart  of  caustic  lime.     It  is  esceedin 
iainiirmeable  to  water,  imd  when  wet  dries  with  great  slowni^ss. 
'rtnn-snf  *aud,  clay  and  humus;  henco  their  prof 
raeterisiics  of  thcfc  substances  aocordiug  to  the  i 
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tent  to  which  each  iit  pn-.-M'tii.  W'Uen  fand  prKloinmttt^ii  tli^y  are 
dMigniitcd  a»  fi^M,  trnd  when  t-luy  provuik  tliiy  nro  kiioivn  :is  hi-un/. 
Th«fle  ternia,  liowever,  have  no  reference  to  weight,  Imt  to  the  ea.ie  or 
(liffieuUy  with  which  thuy  are  worked  in  the  procctwM  of  :igricultiire, 
and,  indeed,  thoete  soils  which  are  the  light«Ht  in  thin  ncnse  are  the 
b«ivic«t  in  iictiiul  weight.  Since  loams  conifisi  of  vuryinjj  iimportioiis 
of  the  chief  oonstitueots,  it  is  obvious  that  the  won!  lo:ini  may  have 
1ml  littli*  "ifjiiificanoe  without  some  qunlifying  term,  and  they  iirc.,  there- 
fore, divided  into  five  classes,  as  follows  : 

1.  Hcavr  clajr  loani,  contaiiitng 10-25  jicr  cent,  of  nuid. 

2.  Clnv  iuuii,  toiiuiiiiug. 39-4))         '*  " 

3.  LoAin,  «ni Mining „ 40-60         "  " 

4.  Sandy  loam,  cnntainintc  80-76         *'  " 

5.  Liirlie  Nindy  lontii,  tonlniniajt 7A-90         "  " 

Mixtures  containing  lots  than  10  or  more  than  90  per  cent,  of  snnd 
arc  classed  respectively  as  cluy  or  sand. 

il/ar/«  an-  inixtiirc^  of  »?liiy,  «und,  nnd  amorphonji  caluinm  eartionate 
in  various  proportions,  and  contain,  often,  potnsh  or  phosphates  from 
tJte  fauna  and  ftonv  of  the  nea.  From  tlieir  eiiiitcDt  of  ciirhonale  of 
t'»lciiini  they  arc  otlcn  kuown  as  lime  soils,  and  accortling  as  one  or 
anoUier  constituent  prf^omittaln-*  thi-y  nr*-  dt'signnK-d  as  clay  marl, 
Mud  marl,  nnd  shell  marl.     All  conlaiu  varying  amonnlH  L>f  luimii». 

Sumtia  is  a  terra  used  to  designate  the  entire  product  of  vegetable 
dcoompoeition  in  the  various  intermediate  stages  of  the  proees*'.  It  ia 
the  esseolial  element  of  vegetable  mould,  and  is  neccssorily  of  moat 
«>m|ili-x  comituHition,  »i>  coiiiplcx,  in<l<-ed,  that  it  nninot  be  dWinilely  de- 
termined. It  is  cumpoHcd  of  a  great  number  of  closely  related  definite 
eheinient  mm]>oiindif,  chief  among  which  niv  tilmin  and  iilniio  acid,  which 
arc  supposed  to  chaructcriiu*  brown  humtis;  humin,  and  humic  acid, 
which  dominate  dark,  or  black,  hiimus  ;  and  crenie  and  apocrenic  acids. 
It«  principiil  chanictcrislicis  its  high  percentage  of  nitrogen,  cspe<-inlly 
tnarkeil  in  some  of  our  prairie  soils  and  in  the  "  Muck  ,^oil  "  iimnd  in 
Uie  |»rovinc(«  of  the  Ural  Mountains,  which,  aivonling  to  Von  Henscn  ' 
eontuins  as  much  as  from  live  to  twelve  [ler  cent,  of  organic  matter. 
Itii  complete  decjiv  ii<  uxjst  ni])i(l  in  wiimi  wcllnlrainol  i^oiU  permeable 
to  air,  and  in  such  soilo  the  amount  of  humus  present  at  any  one  time 
will  be  relatively  .nnmll,  whih-  In  soiN  which  are  damp,  not  well  venli- 
Iate<l,  nnd,  for  mouths  at  a  time,  frozen,  its  accumulation  is  favored, 

While  its  ultimate  |)rfidiicls  of  decay  an>  of  the  gn-alest  imjiortance 
to  vegetable  growth,  it  ilocs  not  follow  that  its  complete  absence  ren- 
deTB  a  soil  neceHsarily  sterile  or  even  poor,  provided  that  the  necessary 
nitrogen  is  supplied  in  the  form  of  iiilmti-jf.  But  its  presence  is  ncce^ 
Bary  to  the  growth  and  life  processci  of  the  soil  Uioteria,  without  whose 
B8»»tnncc  innny  plants  would  fail  to  thrive. 

Ptril,  muck  and  humrm  noilm^iitata  large  amounts  of  humus,  but  diScr 
aconrding  lo  the  conditions  under  which  they  arc  formed.  Pirtt  and 
THUck  result  from  the  incomplete  decay  of  vegetable  mutter  under  water  ; 

■  Zellnclirin  lur  nWntulialtticlic  Zoologie,  XXVJll.,  p.  300. 
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the  former  term  Hpplic*  to  that  whieh  is  mmpact  and  fihrotu ;  tlie  bti 
is  lew  compact,  not  fibrous,  and,  when  dry,  easily  reduced  to  pomk 
Tbey  oontain  liut  &  ^mall  unioiiiit  of  niinenti  mniu-r.  Jlttmun  toUi 
HoiU  wtiii^h  contain  large  pcrtvntugvs  of  vegi.-tMl)]i.-  moid  with  ontimi 
soil  cnn8lituentii. 

The  cxprviwion  rvcky  toil  applies  to  any  kind  of  twil  coataisL 
tnaasea  of  rock.  GrartU^  »oiU  are  those  which  contain  tiotable  ainoiui 
of  gravel,  which  consists  of  small  fmginentJ*  of  rix'k  more  or  less  wot 
by  the  action  of  vratcr,  and  larger  and  coarser  than  ^nd.  Ali-nJine 
Mill  mUx  An  m>\n  which  (M>iilaii)  con 81  d(> ruble  amounts  of  soluble  uli 
especially  carbonate  and  sulphate  of  sodium  and  salts  of  calcium. 

Oonstitaenta  of  the  Soil. — The  chief  eonfltitiient  of  the  mil  In  «ti< 
which,  it  is  estimated,  forms  about  two-thinJs  uf  the  entire  earth's  emi 
Xoxt  in  abundance  'in  aluminnni,  chiefly  in  the  form  of  clay  (luliiale 
aluminum).     Lime  and  magocsiu  are  large  constituents,  existioe 
as  carbonates  in  the  form  at  limestone.     Both  are  indiapett-tabie 
growth  of  plant-!!  ami  lime  oxorts  a  market!  influence  on  the  phy«' 
condition  of  the  soil  and  upon  the  procewes  of  uitrifieatlou.     Altboi 
its  principal  combinntiou  is  carbonate,  it  exists  aLw  hirgely  as 
phatc  and  sulphate. 

Iron  U  nniver*alty  pi-eacnl  and  ia  of  very  great  impoNance  to 
tation,  ulthougli  but  a  small  amount  is  needed.     The  red  and  ycl 
colors  of  soils  are  due  to  the  presence  of  iron  compounds.     Manga 
stands  «e(w>nd  to  iron  in  ubnntlance  uniun);  the  heiivy  metals,  biil  ii 
much  less  importance.      It  ia  a  constituent  of  many  plants,  notably 
tea.     Chlorine  i«  not  n  liir^e  e<.inslitnent ;   it  occurs  chiefly  in  CDnibi 
tion  with   sodium,  ]Kitassiiim,  and  miigm-sium.     Its  total  amoiiiii 
ordinary'  nn))onuIt?rl  soil  seldimi  exceetln  one  ten-thouaandth  jwirtof 
whole.     Sulphur  oeours  as  sulphides  iind  sulphntes,  the  latter  luiiall; 
in  combination  with  lime.     It  is  very  necessary  to  vegelaMi-  j;rowi: 
a»  it  i»  an  <w*ential  element  of  vem*table  albumin.     Ph<)»iphorub  in 
form  of  phosphates  of  lime,  magnesia,  iron  and  alimiina,  is  anctbi 
esstnlial  eh'rni-iit,  widely  distributed  in  i^niall  amounts.     SiHliiini 
potassium  are  present,  chiefly  in  the  form  of  insoluble  silicatot 
partly  as  chlorides.     Their  total  in  combination  seldom  exceeds  f( 
per  cent. 

Nitrogen  exists  in  soils  in  three  distinct  forms :   prote!d.t,  amoi< 
and  its  snltK,  and  nitric  ncid  «nd  nitrate*.     In  average  iwils  the 
nitrogen  is  not  large  in  amount,  considerably  less  than  one  per 
bnt  in  some  eseeptionally  rich  hnmns  soils  four,  five,  and  even  fix 
cent,  are  found.     In  the  organic  combinations  (proteids]  it  is  not  av 
able  as  plant  food,  oonsequently  the.se  must  lie  broken  up  int"  -impl 
forms  ii)  onh-r  t.>  be  nf  direct  iiw.     In  their  tlcc»jmi>0'^ition  the 
form,  aninionln,  is  prochiee*!,  but  not  all  the  ammonia  of  the  .soil  iii 
this  source,  for  some  is  brought  into  it  frt)ni  the  air  by  rain, 
the  second  form,  also,  it  ap])ears  to  l>e  not  available  as  plant  food, 
even,  acoording  to  Bouchardat  and  <'loi-x, '  »ecnis  to  a«-t  a»  nn  ene 

<  DnitKhc  airdiciniwbo  Wochrowlirift,  ISM. 
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Cnwhen  abeorb«d  b;  plant  roots  from  eoliittons  of  a  tenth  to  a 
redtli  of  one  perc4<nl.  strcnfrth.  80  it  ix  probnbk-  thut  complete 
widuion  to  th«  third  form  is  a<.-ceii«arv  for  the  absorption  of  any  fnrm 
rfttiirc^n.  \jt  MKiti  aii  thv  .-imTiiiiiiia  lit  oxiiliMxl  in  it^  turn  to  oitric 
■ail,  tliis  latlor  combines  with  sodium,  potassium  or  calcium,  and  the 
Rmllin^  nitrate  are  then  ready  for  absorption. 

All  of  tht-sv  ctinng«-«  from  tlic  complex  protcid  to  tho  simple  nitrate 

■ccsrried  alon^  by  different  groups  of  micro-organism^,  but  no  gnwit 

MOMiiilatinn  of  tin:  tiui  products  occur:*  btvansc,  while  vcpctiition  is 

lovuibiDg,  they  are  removed  as  fast  as  formed,  and  when  it  has  ceased, 

Ikrare  wuhial  down  into  the  auImoII  by  the  rain  and  nicltiiif;  snow, 

IV  unoant  of  arganJc  matter  in  soils  varies  widely  according  to 

eranutancefl,  but  the  amount  necessary  for  vegetation  i»t  quite  i^niull, 

j  ihhoq^  oeitain  crops,  us  tobacMi  and  wheat,  require  much  more  than 

tldMfB,aa  oats  and  rye.     The  soils  richest  in  organic  matter  are  the 

I  fan  and  mucks;  next  come  the  wry  ri(;li  hiuinis  i^uiU  which  may 

^jitUover  a  fourth  of  their  weight.     From  ten  to  tifleon  per  cent,  de- 

I  aouMml   ridiiti^-<,  mid  ulmtit  iix  per  cent,  may  be  regarded  ii»  n 

rtiDMiDt  for  a  prrKluelive  Kuil. 

Physical  Properties  of  Soils.     Pore-volome. — In  all  soils,  no  roat- 
hrkuw  clocely  the  individual  piirticleM  are  packed,  there  mUMt  exist  a 
■  gnater  or  le^**  amount  of  interstitial  space,  which  may  be  filled  with 
•Mer  or  air  or  both  to|»fther.     The  i*um  total  of  these  inlerntllial 
I  is  koowo  ait  the  fmrottity  or  porf-voliime  and  is  expreirscd  iu  per- 
r  of  the  volume  of  the  foW.     it»  amount  dejtendn  not  u|»on  the 
t  of  the  soil  particles,  but  upon  their  uniformity  or  lack  of  uniform- 
ly of  Hie  and  upon  their  arningcment. 
If  we  have,  for  instance,  a  very  course  »oil,  eonMirtiofi  of  partieles  of 
I  ttiniis  largv  as  pr*:^,  and  another  of  uuiform  particles,  the  sixe 
^■dkU  shot,  we  will  Sud,  on  determining  their  porcvolumv,  thut  it 
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Ipaeticalty  the  same  in  each  case  and  jtrobgibly  not  far  from  a  third 

Ilk  whole.     Packed  in  the  most  solid  manner  [HKuiible,  which  is  that 

\*bicb  each  ^tphene  reats  on  three  Ix'nenth  it  (arruHRed  like  the  fu- 

pjmuntd  of  marbles),  helps  support  three  in  the  layer  above  it, 

sne»  in  contact  with  others  at  i^ix  eqiii-<liittant  points  alon^  its 

or,  «it  in  Fig.  l.'i,  the  volume  of  interstitial  space  will  equal  2o.9<'3 

eeaL  of  ibe  whole.     Piuthcd  a.s  liHwely  as  jtotviible,  ho  that  each 

upon  but  one,  supports  another  and  comes  in  contact  with  but 

'  of  its  neighbors  in  the  «ame  layer  as  itself,  a»  in  Fig.  16,  the  vol- 
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um«  of  t)iv  inUT8tkt<«  will  be  47.64  per  cent.'     Thus  a  Eoil  oomr 
of  spherical  grains  of  uniform  size  would  have,  reganllejw  of  the  i 
uCBs  of  thu  t;rftiii3,  a  ]>or[>voliinic  of  not  less  ihaii  2-j.9o  gx-r  ccut. 

That  the  size  of  the  individual  graius  nudtes  no  diS'creuee  can  be 
iuunlly  demo nnt rated  in  a  [>m('ti<tnl  iiitinuer.  If  wt-  (nice  two  ovlimlricil 
glass  vestals  of  the  same  ^ize,  fill  them  to  the  eame  height  with  vaUT, 
&nd  tlien  add  to  the  one  a  mc-^Mire  of  large  shot  arid  to  the  other  «ii 
equal  nicuxure  of  much  finer  shot,  and  secure  ns  solid  packing  ae  po»- 
ttihle  hj  gentle  tapping,  it  will  he  found  that  the  water  in  each  otIib- 
dcr  has  rifwu  to  practioally  the  winie  hfisht ;  that  is,  that  the  Hctnal 
volume  of  each  is  ahout  the  same.  There  will  he,  perhaps,  some  ^igbt 
tlifii-renee  one  way  or  tlie  olhttr,  owinj;  to  the  im])c>wibility  of  tccuiiag 
absolute  uniformity  of  packing,  and  to  the  error  due  to  the  inequality 
of  the  spaces  along  the  eircuniferenee  of  the  cylinders. 

But  in  nature  wv  do  not  deal  with  perfect  spheres  or  with  soils  made 
up  of  jMirticles  all  of  the  same  size,  hut  with  soils  comjHised  of  anguhtr 
pieces  of  varying  !«ize.  The  n'^J'tcr  the  vnriatiou  in  sise  of  the  pMt>- 
cles,  the  greater  the  poasihility  of  variation  from  tlie  limits  of 
vohiiDe  a*,  given  alwve.  With  varying  ww,  the  !«nmll  particln  i 
&U  into  the  spaces  made  by  the-  larger  ones,  aud  the  spaces  between  i 
new  comers  may  l>e  tres|ta.'Med  upon  hy  still  smaller  grains,  and  soi 
until  the  inter«l!lia]  ^piicc  ha»  been  reduced  to  a  minimum. 

To  illustrate  this  diminution  in  a  practical  way,  fill  a  lai^ 
with  niarliW,  then  pour  into  it,  from  a  gniduute,  suHicicnt  water  todi^ 
place  all  of  the  air  in  the  interstices,  and  note  the  amount  of  water  i 
(]uire<l,  whieli  i^  the  pore-volume  of  the  mas».     Next,  pour  oiit 
water  as  completely  as  possible  and  run  on  to  the  surfaj'e  of  the  mar 
a  ipiaiilily  of  coarse  sand  or  shot,  and  shake  the  vessel  gently  in  allc 
rectious  so  as  to  favor  their  descent  into  the  s]KieeH  helow.     Wlicn  : 
bave  penetrated  that  (sin,pour  in  water  again  until  it  ap[M-aiN  at 
earfitce,  and  note  the  iinionnt  r^-ipiia'd  ;  this  iiS  smaller  than  before,  ( 
aeeountofdimioislieil  air  spaces.    Nowpouroff  tliewater  a  setwidtin 
add  still  fioiT  .■•hot,  and  rejK'at  the  o|)enition  as  before.     So  long  tu*  i 
matter  can  be  added,  so  Ion);  will  tho  pore-volume  show  a  diminutia 

Irn'gidnrity  of  size  and  shape  of  the  particles  may  also  have  on  io 
fluenoe  m  the  other  direction  and  cause  the  formation  of  large  spsa 
and  increased  pore-volume. 

All  soils,  even  the  most  compaet  rocks,  have  a  certain  amount  i 
pore-volume,  and  some  ap|Hirently  compact  masses,  such  as  sandston 
have  «:«  miidi  as  .'SO  |H>r  cent.     In  soils  which  are  (vmcntetl  into  boa 
geneous  masses,  the  |K>rc-voIume  sinks  to  a  minimum,  hut  in  ordli 
soils  it  amounts  to  almnt  40  jwr  cent, 

FermeabUity  of  Soils. — The  jiermeability  of  a  soil  to  air  depends  nd 
as  it  might  ap|iear,  u)>on  the  amount  of  its  pore-volume,  but  uponi 
aisc  of  the  in<lividuul  spiitrs.      In  fact,  a  soil  of  htj-h  |K>re-voIume  i 
be  almost  impermeable  to  air  in  comparison  with  one  <if  less 
volume,  as  will  be  shown  ;  and  llio  porc-voIumc  is  of  itself  no  me 

'Boyla,  Der  Bodcn,  I-ci[>ug,  1887. 
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wluitev-er  of  iKrmeability,  tvbicb  dimiDUbeB  in  aopxtraordinary  degree 
vnih  diminulkm  iu  the  sisc  of  thv  Aoil  jinrtiolee.  The  greater  the  num- 
ber of  tlie  individual  spaces,  the  greater  the  number  of  unfiles  and  the 
grwili-T  tbc  friolion  of  the  eMterinjf  air ;  and  conversely,  the  less  the 
number,  and  consequently  the  largir  the  size  of  tbc  J!f)aceH,  llie  less  the 
DUmbf  r  of  sngUr!'  und  thv  lean  tlie  obstruction.  A  series  of  experiments 
very  carefully  conducted  by  Rvnk*  witli  difTcrcnt  kinds  of  mil  in 
cj'linders  of  eijual  height,  through  which  air  was  forced  under  the  same 
degree  of  preseurc,  yivldctl  tbc  following  interu»tiiig  results. 


^■Uir*ar«dL 

DtuMlar  of  fnlnt. 

Fvn- 
■olnma  f. 

Ui  (om,  <•       ,  '"  '" 
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SO 
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.00133 

.112 
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10.640 
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84 

Coano  wad 

Fine  gnvd _ 

B61 

0,IOS 

1I,0H4 

TliUit  It  U  M«n  that  ii  fine  8nnd  wilb  a  pore-volume  of  66.5  per 
cent,  permitted  the  passage  of  but  one  volume  of  air,  while  a  gniTtl 
of  nitdiuiu  coarsciie.tH  Kith  much  lower  poro.-iity  permitted  the  passage 
of  ll,l>'<4  limes  as  much  iu  tbc  sumc  unit  of  time. 

Renk  .showed,  further,  that  with  soils  of  the  finer  textures,  permea- 
bility to  air  is  directly  pro|Mirtionate  to  prvsHure,  but  that  this  is  not 
true  of  tliose  of  coarser  grain. 
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2 

2.9 
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1.77 
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'  7MVKliT\lt  fUr  Biologic,  XV.,  p.  206, 
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The  absence  of  toij  conncotion  between  pore'Voliime  and  per 
bility  luLH  b<^s^'n  Hbown  uIko  by  Voii  Wi-titsdikowsky,'  from  vrhocei 
Bultti  the  following  table  has  been  coaatmcted  : 


MaUintrfMdL 


FIm  nad 

Hcdium  sund.. 
C<MinM>  mnij  .... 
FinegniTel 


iTor^TOlnme  f. 


41.87 

■10.81 
37.38 
351.47 


riwun 
Id  uu, 

of  iritn. 


In  Ulan 
far  mlaai*. 


.0008 

.8900 

7.809 
S3.W1* 


Sinw  i«!rmeability  dimioUheH  with  finones,i  of  texture,  il 
thnt  cluy  itiid  i<imilur  »oiU  |)U!<s<-s:6  this  property  in  Ibe  siuutlc^t  < 
and  that  when  the§e  are  mixed  with  sandy  soils  they  mu&t  ne 
lessen  it  to  u  very  inarketl  extent.      Bnt  days  and  KiamH  iimy  '■<cem\ 
very  open  crumbly  form,  that  is,  in  loose   fragm^'nts  of  varying  sis 
eacli  eoneiiittin^  of  myniidit  of  .small  parlirle.'*  held  together  by  the  uJ 
of  moisture  ;  and  eucU  soiU  show  a  high  ^-rmcability  duo  to 
larj^  interstitial  .spiieet*. 

Tlic  doKrco  of  jieriiKability  to  nir  is  very  greatly  influenced  by  i 
amount  of  contained  moisture,  the  maximum  influence  being  exe 
by  dcddi'd   wwtness.     This   is  due  to  tlic  fact  thnt  the  (jrcatiT 
amount  of  water  present  in  the  interBtices,  the  greater   llie  dialing 
tion  in  tlic  space  available  for  the  pari.'^nge  of  air  and  the  gr*utt«l 
ob§truction  to  its  movement.      Thua  the  complete  occlusion  of  tlic  iwl 
tersliot^H    by   wnter  !.■«  cijuivnicnt  to  ab.-«olute  im|H.-rnienbility,  «Kp 
when  the  pressure  of  uir  is  auflicieut  to  displace  the  water  and  : 
it  along. 

In  the  case  of  soils  that  arc  only  partially  wet,  tlic  diminittioQ  iii_ 
permeability  varies  according  as  the  moisture  enters  from  above  1 
rain  or  from  below  by  capillary  attraction  from  the  water  in  tiiei 
Boil,     This  is  owing  to  the  fact  that  when  the  soil  is  wetted 
alxivo  by  the  rain,  tlio  iin]ierfi(!ial  interstices  are  more  or  less  compli 
occluded,  and  the  air  in  those  b(?low  ts  restntincd  in  its  tao\ 
while  when  the  tiioi.^tnre  i:*  derived  by  capillary  atlraetinn,  the  aErj 
displaced  upward,  ainl  the  superficial  interstiws  arc  more  or  le 
pletely  open.     The  action  of  downward  and  upward  moitttenii^ 
been  investigfited  by  Kenk^  whose  re8ult«,  in  jiart,  are  given  lal 
following  table : 

■  Bcitrsjf  zar  Kcimtni*  dcr  I'crmcabilMt  dee  Ilodem  fur  Lnft:  Archiv  ttlr  nrpl 
II.,  p.  4S3. 

'Tbv  lit-iiflil  of  till.-  ctiluiiiTi  uf  niKterikl  in  tliis  cupcrimiTiil  itnn  tlirtc-foiutllX 
meter  initcnd  of  a  half  lu  in  the  nuc  of  the  other  three.     With  on  cqiiml 
nmill  woiilii  have  bmn  niiirh  lartKT. 

■  LovD  clUIo. 
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*«lanaf. 
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stuM-nl 
(mm  ikbove 
from  Iwlovr 
a  Writ 

fmm  nbcivp 
hum  below 

from  »boT« 
fram  b«Ioir 
ftlMunt 
from  above 

from  In-low 

from  nbovc 

from  btiloiT 
abtent 
frnm  abore 
frnni  below 


Pmrai*. 


lULIo  of  air 


1.^54 
UM 

13.70 

14JJ4 

in.  16 

13.58 
2.a3 
1.91 
1.71 

0.fi7 
0.11 
0.00 

o.oa 

0,00 
0.01 
O.00 
0.00 


P*nn<'»t>ility  is  nUo  lesBenwl  by  frwxiiig  lerapcratiircs  by  rea.ion  of 
the  tact  that  the  contained  raolBliire  expnnds  oue-teiitb  of  itj»  volume 
a>>  it  tnezisf  an<l  i<o  ooeupicj*  tlmt  niiicli  iinire  space  in  tlio  interstiece. 
Moreover,  when  froMti,  the  moisture  is  in  a  fixed  rather  than  a  mov- 
able condition,  and  tnu.^e^  tlie  [>i^>dtiotiou  of  ii  eompnct  mass  more  or 
less  rcacmbling  stone.  The  finer  tlie  grain,  the  more  solid  the  prod- 
uct, and  th«  greater  the  diminution  nf  pi-rmcability.  Konk '  deter- 
rained  the  diroiuution  in  tlic  permeability  of  eo\]»  of  diSerent  grain 
size  doe  to  freezing,  aa  follows : 
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kleditim  icraTvl . 

,  •>  .(     _ 

Fine  cnxrol. . .... 

I  •'         "     

Coane  nod  ...•■ 

MaliumMsd.... 


BuuroB 
sf  laotiMr*. 


from  above 

"  below 

"  »bqv» 

"  b«l()W 

"  BboTC 

"  below 

"  glK>VU 

■'  below 

"  abavD 

"  below 


Pvnnuliilllr. 
UelH.         FnwD. 


14.03 

13.70 
1.1.16 
12.M 
1. 01 
1.71 
0.11 
0.00 
0.23 
0.00 


18.87 

12.20 

12.  M 

10.18 

1.04 

1.27 

0,07 

0,00 

0.00 

0,00 


lilnlnutlon. 


6.2% 
10.9 

5.4 
19.0 
14.1 
2B,7 
3«.4 

100. 


Tbe  degree  of  permeability  of  soil  to  water  is,  like  tliat  of  permea- 
bility to  air,  governed  by  the  texture  rather  than  by  port'-voliime  as 
is  sliown  by  the  following  results  obtained  Ijy  von  Wclitschkowsky  * 
who  determined  the  rates  at  which  water  would  pass  through  columns 
of  soil  of  diffcrini;  linencwt  pacUtil  in  cylindrrs  of  equal  dinmeter. 
Each  specimen  was  tirst  completely  saturated  and  then  kept  so  during 
eaob  expertmect,  thv  wntcr  supplied  being  kept  at  constant  level. 

>B*ItnwnirK«nntoUdeTparm(abl1iii>Itl«fl  Bodaoa  rUrl.uft;  Arcliiv  fUrllvgipne, 
II.,  t  483. 

'  Cijicri  men  telle  Unteniicbang  iilicr  die   Permeability  l  dei   Bodonn  fQr   Woui^r, 
Archlv  nir  llririiiie,  II.,  p.  -lOU. 
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BdghtarculnniDDfKll. 

. _ ■ . -^ — -_: 

Ucm.                                 McK 

^,B,^il|^ijC««Mr  MilDiiia  aboT*  tall  (urfMd, 
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0.00021 
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0.00OS9 
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4.0U 
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7.4» 

12.872 

j«a 
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Comparing  these  results  with  those  obtained  by  the  same  inve 
gntor  in  Ills  eKiHrriiurnts  on  permeability  to  air,  it  will  be  noticed  i 
the  total  pore-volume  has  here  even  less  significance. 


Mitum  ef  aoll. 


¥\iiv  ntiud 

Medium  »uid 
CMneHnd... 


Hstifal. 


fiOoa. 
Mom. 
50  can. 
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41. «7 
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Capacity  for  Water,  and  Water-retaining  Capacity. 

If  to  n  vohimc  of  any  soil  parked  into  a  cylinder  of  g1u«s  or  i 
wc  atld  wiik-r  in  eiicli  a  wuy  that  all  of  tht.-  air  in  the  intprslioesisi 
plact'd,  the  soil  in  then  saiiirated  and  the  amount  of  the  oootiil 
wat«r  R'proBonts  tJic  total  "  water  caiMicity  "  which,  it  is  seen,  fqO 
the  pore-volume.     The  "water-retaining  rapacity"  i.*  <)»ilc  anc ' 
thin;;,  and  d(.'pends  upon  the  structure  nnd  ciirapo»ition  of  th« 
and,  in  a  minor  degree,  upon  other  considerations.     If  for  the  ini 
viou»  bottom  we  substitute  one  of  wire  guuxo  or  courM-  doth,  tbei 
taiued  water  will  begin  to  drain  away,  owing  to  the  force  of  grat 
and  t lie  flow  will  by  dt^oes  bceome  lei<s  and  h-jts,  and  finally' 
altogether.     Then  the   interxtice^,  which  originally  were  6Ued 
air  alouo  and   next  with  water,  are  filled  in  port  with  tlK  one  and! 
part  with  the  other. 

By  compuring  the  original  weight  of  the  volume  of  mil  wilb  ''■ 
weight  in  it«  now  wel  condition,  its  power  to  retain  water  is  > 
termined.  This  power  is  the  result  of  two  forces  acting  in  opp 
to  the  force  of  gravity  ;  namely,  surface  attraction  of  solids  for 
and  capillary  attraction.  The  water  which  is  simply  ailherenti 
Hurfncei*  of  the  poll  grains  is  known  a.>*  hygra^Oftpic  water,  wl 
which  is  held  in  the  capillary  »pueea  itt  called  capillary  water ;  M 
the  latter  which,  in  any  hut  the  coai^est  soibi,  eon.'ttitult^  by  Girl 
larger  part  of  the  retained  moisture. 

Not  all  of  the  JnU-rsticea  of  a  soil  form  capillary  spaces,  but  i 
those  of  w^^^Me  bi'unihiry  walls  are  separated  only  by  iult 
which  oo^^^^^^m  '■«  of  cupillary  magnitude.     Thuit, 

soil   nui^^^^^^^l  \y  few  such  ftfiaees,  while  one  of  i 

teztufQ^^^^^^^I  M>  ^t'>~''iy  :ippn>ximated  that  all 
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tDtprslitial  spaces  ari>  capillnrv.  It  ruUn^re,  lliiTprore,  llmt  compact 
itoil.t  iiiu.-*t  possoB  gn-JiKT  n:-(aii)iti^  jntwcr  ttiiui  ihoitv  witli  largtt  inter- 
stices wliich  permit  rapid  pcnMlntiunf  and  timt  when  tlic  texture  is  to 
fine  tlmt  all  iJie  ppac(«  are  <-apillary,  the  maximum  retaining  power  is 
Bttsiur<]. 

The  influence  of  soil  texture  on  capacity  for  holding  water  may  be 
•opit  in  tbe  following  tjihlv  of  mniw  uf  Uie  rvptilis  obtained  by  Hof- 
roaoo.' 


r^iMnliii  If  1.1  il  II 
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■.m«a.             UlDtd  viler  Id  ce. 
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31S 
SM 
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1S.T 
18.4 
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H.0 

Tlw  wnter-rctaining  oapncity  ofsoilii  is  very  largely  determined  also 
by  the  amounts  of  or^nio  matter  present ;  a  soil  rich  in  oi^nic  matter 
will,  other  conditions  bi-inj;  the  ><4inte,  i^liuw  inon-  witter  tlinn  unotlier  of 
kes  richness.  The  extreme  influence  is  observed  in  the  ease  of  humus, 
wbidi  call  hold  ten  iim«  it«  weight  of  ^fiicr.  In  view  of  ilit*  inllii- 
eace  of  organic  matter,  it  is  very  clear  that  one  way  to  help  keep  a 
voil  dr}'  ix  to  avoid  diHehnr);ii)^  lillh  into  it  und  iIuik  keep  it  cleiiii. 

For  the  purpose  of  illu-itraling  the  itifliience  of  very  fine  soil  par- 
tioke  (clay)  ana  of  organic  Emitter  (luiniu^),  liic  following  fcnuUs  ofiiQ 
invutigation  by  WoliT'  may  be  quoted.  He  packed  soils  of  varying 
clay  and  humus  content  into  a  metallic  vessel  with  a  pcnneable  bot- 
lom,  saturated  them  completely  with  wnter,  then  i^iiperimpoHcd  a  col- 
umn of  water  of  e<)iial  eroASi  section  ajid  8  cm.  high,  and  oUterved  the 
time  required  for  the  added  wat«r  to  be  delivered  below. 
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It  will  be  observed  that  the  soil  which  permitted  the  pasMfre  of  the 
water  in  the  shortest  time  was  poorest  in  clay  and  almost  so  in  humus, 
and  that  the  one  whieh  rcijiiinil  the  lonjrciit  time  combined  a  <viigid- 
emble  amount  of  clay,  not  the  hi(;hest,  with  a  high  ]M?reentage  of  hiimiis, 
B     also  not  the  highest.     The   highi-»t  iK-rcentage  of  clay  was  aesocintctl 

■  ■  Arciiiv  rUr  IInp«ne,  I.,  p.  ST3. 

H  *Anli:ilui]|;BardbeaiiKh«iL'Ql«nuchuiit;land«rirthticlinfllich  wleb tiger Slofte,  167S. 
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with  the  lowest  amouDt  of  bumus,  aii<I  the  highest  of  httmus  with  a 
low  content  of  clay  ;  but  these  two  8oil9  (No*.  5  and  3)  were  hotli  lew 
imperiucablo  ttiun  that  (So.  6)  which  coiitainctl  lees  clay  than  the 
one  and  Icas  huuiuH  than  the  other. 

It  is  to  bo  noted,  howcv«r,  in  the  cuse  of  the  soil  with  tlic  highest 
proportion  of  clay  and  lowest  of  humuii,  that  iteontained  I2.fl  ])er  eent. 
of  chalk  iw  against  '2.28  per  cent,  in  the  most  inipemieablc,  and  that  thU 
BubHianoe  has,  as  has  been  already  nientioued,  a  very  great  influenoe 
in  iliniini&hing  the  degree  of  plasticity  of  clays. 


Soil  Temperature. 

The  sources  of  heat  in  tlie  soil  are  three  in  number;  namely,  the 
aim's  ruys,  chcniicjil  clmnKes,  «ud  the  original  heat  of  llie  earth's  inter- 
ior. The  principal  source  ts  the  sun.  The  heat  derived  from  chemical 
changes  is  not  great,  iinil,  indifd,  is  not  even  worthy  of  consideration 
except  in  soils  very  rich  in  organic  matter ;  and  here  the  changea 
occur  only  in  the  pre:<ence  of  e^tmpnra lively  high  Iom|H-ntture  due 
to  the  action  of  the  sun.  The  third  source  is  constant  and  of  much 
importance. 

The  soli  temperature  is  indncnced  by  a  mimber  of  conditions  in- 
cluding exposure,  atmospheric  temperature,  color,  compactness,  com- 
position anil  moisture.  Xntnnilly,  the  surfaces  exiw>s«l  to  ihcKreatcM 
amount  of  sunshine  get  more  heat  than  othefM.  The  nearer  the  angle 
of  incidemw  of  the  sun's  rays  apjiroaches  »  right  angle,  that  !*,  Uie 
more  perpendicularly  the  rays  strike,  the  greater  the  amount  of  heat 
received. 

The  rapidity  \vith  which  soils  arc  affected  in  either  direction  by 
changes  in  atmospheric  temperature  varie-s  quite  widely,  but  with  any 
soil  it  ia  only  in  tlie  very  uppermost  layers,  tJie  very  surface  in  fact, 
that  any  immediate  corresponding  rise  or  tall  is  observed,  fireat  sud- 
den changes  alTcct  the  soil  Iwlow  the  snrGtce  very  slowly,  and  in  the 
deeper  layers  the  maximum  and  minimum  temperatures  occur  much 
later  timu  in  the  atmoiijtlK-re  above.  The  anunal  variation  diniinishea 
as  the  distance  from  the  surface  increa^s  ;  at  Bftceo  feet  lh<r  amplitude 
IK,  a.t  a  rule,  less  than  10°  F.,  and  tietwceu  tlfly  and  eighty  feet  ttie 
temperature  is  constant  the  year  round. 

The  color  of  a  soil  exerts  an  important  inflnenoe  in  the  determina- 
tion of  its  temperature.  .Vs  is  well  known,  a  black  surface  exposed  to 
the  sun  absorbs  the  beat  rays  more  than  a  white  one.  A  common  il- 
lustration of  this  fact  is  the  greater  rapidity  with  which  snow  melts 
when  its  surface  is  dotted  over  with  dirt  and  soot  than  when  it  ie  clean 
and  white,  owing  to  the  absorption  of  heal  by  the  dark  particles  and 
its  communication  by  conduction  to  the  snow  heiicuth  and  about.  In 
tlie  same  way,  mot  and  cinders  work  their  way  <]ownward  into  the  ice 
on  a  pond.  Another  illustration  is  the  greater  feeling  of  warmth  con- 
ferred by  black  clothes  than  by  while  in  the  bright  sunshine. 

SO|  oUicr  conditions  being  the  same,  a  dark  soil  ia  warmer  than  a 
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light  one  which  rcflccU  (lie  heat  mn  instead  of  absorbing  tliem.  Ob- 
servation lias  shann  a  diS*eren«e  of  ovit  25°  K.  in  tlift  I(mjnTiitnre  of 
black  iind  vrliito  ^>aI1dl>  exposed  Hide  by  side  tn  the  direct  ravs  of  the 
sun,  but  the  whit«  sand  by  reason  of  ref1<!ctiiig  the  heat  mys  will  up- 
pemx  to  Iw  ranch  hottvr  thnn  il  Kally  U. 

The  influence  of  compactness  on  soil  teniperatiire  varies  with  the 
vesson.  A(^co^ding  to  King,'  the  general  tendency  of  rolling  the  land 
is  to  make  it  warmer  during  bright  sunny  weather,  bnt  in  elondy  or 
cold  weather  it  tends  to  promote  oooliDg.  Ho  has  observed  timt  nt  (he 
depth  of  1.-1  inches  below  the  surfnee,  a  rolled  field  may  have  a  tem- 
perature 10°  F.  higher  than  »  riiinilur  soil  uot  rolled,  nnd  nl  rhiiible  the 
dUutnoc  he  huM  noted  a  diflerenee  of  fi.o*^.  This  is  due  chiefly  to  the 
Cut  that  a  compact  soil  is  a  better  eondnotor  of  heat  than  one  oontaio- 
ing  hti^-  intersticcut  filled  with  uir. 

Tbe  character  of  the  mineral  and  organic  constituents  of  the  »oit  and 
the  amount  of  it«  content  of  wnler  exert  the  very  greatest  influence 
upon  its  temperature.  Itocks,  sands,  and  mineral  Aubstancea  in  gen- 
era]  arc  better  heat  conductora  limn  \vat«r,  organic  matter  iind  air,  and 
they  differ  al»o  one  from  another  in  conductivity.  Organic  matter  is 
a  particularly  poor  conductor  of  heat,  and  hence  the  greater  the 
amount  of  humus  a  soil  contains,  the  slower  its  response  to  the  action 
of  the  sun. 

The  gr«-nt  influence  of  moisture  on  soil  tempentturc  is  due  to  the 
high  specific  heat  of  water  and  to  the  Iohh  of  lu^t  which  accompanies 
the  piweis*  of  evn[>urntion.  The  specific  beat  of  ordinary  dry  soils 
varin  from  a  fif^h  to  a  fourth  of  that  of  water,  though  in  exceptional 
oasos  it  nuiy  am^iunt  to  nearly  a  half;  and  the  wetter  the  soil  is,  the 
higher  will  be  the  specific  heat  of  the  mssa,  that  is,  the  greater  the 
uuml>er  of  hcjit  units  iiec'^tiry  to  warm  n  given  weight  one  degree. 

Tints  it  happens  that  a  light-colored  dr^-  soil  may,  in  $pile  of  the 
great  influence  of  color,  attain  a  much  greater  degree  of  warmth  than  a 
dark  one  which  is  damp.  The  dilferent  soil  constituents  have  dlflcrent 
specific  bealii,  ranging  from  about  0.16  for  certain  siiiidH  and  elan's,  to 
about  O.-t't  for  dry  humus,  that  of  water  being  unity.  Thus,  to  raise 
the  temperature  of  IdO  pound.-*  of  wnler  one  degree  will  reijnirc  100 
uniu  of  heat,  while  l«  {icrform  the  sume  oflici.'  f>>r  equal  woiglit>i,of  dry 
sand,  weathered  porphyry,  weathered  granite,  and  huniim  will  requin^ 
respectively  1 6,  20,  HO,  and  l-l  units,  Thereron%  the  Mime  amount  of 
beat  necessary  to  raise  a  given  weight  of  water  one  degree  will  raise 
the  e<{nivalent  weights  of  ihcwe  suhslanws  rewpcclively  G.tii,  ij.OO, 
3.3.1,  aiKl  -2.27  degiws. 

Btil  though  the  high  specilic  heat  of  water  is  of  importance  in  de- 
temiining  soil  teni])emtures,  the  chief  influence  of  moisture  in  this  di- 
rection is  due  to  the  great  Iosh  of  heat  which  accompanies  the  process 
of  ovn|)oration,  for  the  change  from  the  liquid  to  the  gaseous  form  is 
accornplirhcd  only  at  the  expense  of  heat.  The  greater  the  amount  of 
water  evn|>onUed  from  u  given  tioil,  therefore,  the  greater  the  exijcudi- 
'TlwSolI,  Sew  York,  1898. 
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ture  of  hcAt  nod  llu;  grtiater  Uie  lowering  of  the  ami  temp 
OouvCT«i'Ij,  tbe  iiripT  tbe  ^oil,  tlie  less  thv  evuporuliou,  unil  tbc  | 
i(9  warmdi. 

WiiUr  <ioo«  not,  Iiovrevcr,  always  ttrid  lo  prodiieo  lowering  of  < 
tempcramre,  for,  in  point  of  fact,  it  may  and  docs  often  have  the  ( 
site  cfl«t;t.  In  (Jic  spring,  for  inslmivu,  when  ihe  frost  in  aol  yet  i 
of  the  ground  and  when  the  interstices  are  filled  with  cold  watwj 
rived  from  the  melting  ioe  and  «now,  the  warmer  rain  hastens  t)ie| 
moval  of  froAt,  and,  as  it  sinks  into  the  lioil,  displaces  downward 
colder  watvr  and  oon.tequently  raiitea  tlie  temperature. 


Changes  in  the  Character  of  Soils  Dae  to  Ohemical  udj 
Biolo^cal  Agencies. 

'^Obmloal  action  is  constantly  at  work  in  the  soil,  not  atone  ai\ 
or^nic   constituents,  but   ujion    the    mineral  matters   as    well, 
ehangi-s  whirli  oct^ir  in  the  lalt^r  are  <if  importanoe  to  the  hj 
almost  solely  in  so  far  a^  they  alfect  the  quality  of  the  drinking 
Coroplicat4>d  processes  involving  the  iJe«i>m|M)sition  of  oi^nic  maU 
give  rise  to  quantities  of  airbnn  dioxide  which,  being  taken  into  t 
tjon  by  the  wat^^r  in  the  interstices,  assists  in  the  production  of  i 
more  (romplicali-d  procfsses  which  engage  llie  niiiienil  <»)nMtiti>rntS.] 

The  changes  which,  from  a  public  health  point  of  view,  are  of  j 
greatest  inlero.'st  aa*  iho*.'  which  are  in  prognas  in  the  prorN!*t  ka 
as  the  "  self  purifieation  "  of  soils,  in  which  the  complex  oiganic  i 
ters  are  broken  up  and  redneed  to  simple  chemical  snbslanoes 
the  intervention  of  haeteriul   life.     In  the  end,  the  carbon  is  oxid^ 
to  COj ,  and  the  nitrogen  is  either  set  free  or  combined  with  hydr 
in  the  form  of  ammonia,  or  oxidi/^-d  to  nitric  add  and  nitnitcs. 

The  prffcesfl  requires  the  presence  of  atmospheric  air  aud  of 
ure  not  in  oxee(*!t,  and  in  fiivori'd  by  lempcratnrc-'*  iK-lween  -'tSand  l( 
F,,  the  most  favorable  being  W°,     It  proceeds  most   vigorouslji 
perfi'ctly  neare-^t  the  surface,  and  virtually  oease.s  at  »  depth  of) 
than  three  feet,  little  or  no  action  occurring  in  the  subsoil  beyond) 
depth.     If  too  much  organic  filth  and  its  attendant  moisture  are  | 
cnt,  th<-  -Hiiil  bcra)me;*  boggy  and  tbc  changes  cannot  proceed. 

An  influentu;  of  very  great  importance  in  ils  effects  on  the  phyi 
and  eliemieal  charaeieristica  of  soils  i»  that  cxcrteil  by  eartli 
which  live  chiefly  on  half  decayed  leaves  which  they  drag  into 
burrows  to  W  used  as  fixid  and  as  linings  and   pings  for  tin;  bun 
aa  well. 

According  to  Charles  Danvin,'  their  castings  oontain  0.018 1 
cent,  of  ammonia,  and  the  hiimiH  acids,  which  have  been  prov 
play  a  v-cry  important  part  In  the  disintegration  of  various  kil 
rocks,  appear  lo  be  generated   within    their   bodies.     They  9i 
earth  both  in  tiie  process  of  excavating  their  burrowa  and  for 

■mttion  lit  VvifntaMe  Mould  through  the  Action  of  Womu. 


SOIL  AIR. 


263 


wfaidi  it  m&y  coDtain,  and  exert  an  important  iii(><rliiuiionl 

trtn  the  Miil  graiiu,  reducing  tlicir  sixo  by  attritkm  within  their 

After  filling;  tbemiwlvcs  with  earth,  they  sioon  oome  to  tJic 

for  the  purpoite  of  emptying  iJienisel  vt-s. 

^In  many  parts  of  England  n  weight  of  more  than  10  tona  of  dry 

I  annually  paaaes  through  the  bodies  of  wormx,  and  in  bronght  to 

on  each  acre  of  land,  so  that  the  whole  snjicrlirial  bed  of 

hie  mould  paseea  through  tlieir  bodies  in  the  coiintc  of  cv(.Ty  ft-w 

'     From   viirioiM   dalii,   I>»rwin    culculutul  that   the  castings, 

out  uniformly,  would  form,  in  the  eoiirse  of  ten  years,  a  layer 

fri>m  O.H:t,  in  the  ca^e  of  a  very  poor  *oil,  to  2.2  indies  in 

rily  rich  soils.     Tbeirniechanical  action  and  that  of  ants,  moles, 

lather  burrowing  animalit  ha^  much  to  do  with  ketrping  soils  0]>eD 

t  fmble. 

Soil  Air. 

be  air  in  the  interstices  of  the  hoiI  differs  from  that  of  tlie  atmo»> 

Ri.iinly  in  its  nohni.t(s  in  airbon  dioxide,  which  arises  from  the 

DpoeitioQ  of  organic  matters.     It  la  also  jtoorer  in  oxygen,  but  by 

■Imys  in  a  corresponding  degree,  and  it  is  iisuiilly  quite 

mi  by  reason  of  the  presence  of  i^oil  moisture. 

t  amount  of  CHrl>i>n  dioxide  varies  very  widely  in  different  soiU 
I  at  different  depths  of  the  same  soil,  and  it  fluctuates  very  coiisider- 
'ako  under  dilfcring  oonditio»«  itt  any  given  point  in  the  .same  aoil. 
'Conditions  being  the  same,  the  amount  is  most  marked  in  soils 
m  organic  matter  undergoing  decomponilion  changes.  In  soils 
rii  this  respect,  the  amount  may  be  no  greater  than  in  the  atmus- 
Pettenkofer,  for  instance,  found  in  the  air  of  desert  sand, 
I  wa?  devoid  of  organic  matter,  the  same  amount  as  was  present  in 
br  immediately  above  it. 

L  ordinary  i4oil»,  the  amount  invreasi.^  with  the  distance  from  the 
p,  as  haa  bc«n  shown  by  Fodor,'  who  made  a  great  number  of 
es  of  air  at  dtOerent  depth.t  at  a  number  of  plaees,  the  obsers'a- 
extcoding  over  several  yean.  The  average  amounts  found  at 
.  of  I,  2,  3,  and  4  meters,  expressed  in  [tarts  per  ihoiisan<l,  were 
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ioflupooe  of  season  waa  also  shown  by  him  to  be  very  oonsider- 
lh«  highirit  amounts  ocourring  during  the  hot  months,  and  the 
io   winter.     The  averages  by  months  are  presented  in  tlie  fol- 
fsUe: 

■Bodm  and  WiMsr,  Braunscliweig,  1882. 
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These  results  are  only  such  ns  might  be  expected  whon  wc  consider 
Uint  (tt'coni pail t ion  of  organic  inatter!i  priM?e(Kls  luost  vigorou.tly  witluD 
ctTtain  Ititiilti  of  higli  tcmpL-Riturc. 

Fluctuations  in  the  amount  prcM^nt  at  any  given 
point  niv  rUic  to  u  iiuml)cr  of  conditions  which  in- 
clude rainfall,  the  action  of  the  wind,  the  rise  and 
fall  of  tlic  suW)il  wntor,  nmi  dinVTcticcs  iu  atmo*- 
pheric  pressure  and  temperature. 

Rainfall,  t>y  Ullirig  the  nU])('rlic.Inl  intvr»ttoci>  of 
the  soil  with  water,  interferes  with  the  natural  proc- 
ess of  soil  ventilation  and  cau.^ea  an  immediate  ac- 
ciimiiliiti'in  of  airbon  dioxide,  which,  however,  is 
shorfty  followed  by  a  diminution  due  to  the  ab- 
eorpliouof  thegBs  by  the  wuter  which  thii3  acquires 
au  increase  in  its  power  of  attacking  and  disaolv- 
iDg  the  mineral  constittienbii  of  tlie  soil.  lua.-<mucli 
as  the  bulk  of  the  absorbed  rainfall  is  held  by  the 
upper  strata  of  the  soil,  its  iuHiieiioe  is  more  marked 
tlien;  than  at  greater  depths.  As  tt  siuks  down- 
ward, however,  in  very  wet  weatJier,  it  drives  tlie 
air  before  it  and  cunaes  its  escape  at  jioiiits  where 
its  ogress  is  not  obstructed. 

The  afition  of  the  wind  is  exerted  in  two  ways :  by 
]K-rflatton  and  by  aspiration.  By  blowing  strongly 
across  ihe  surface  of  the  soil,  it  a-ipiratejt  tlie  air  in 
the  upiwr  layers  and  auiscs  an  upward  movement  in  the  air  below,  or 
it  may  suck  it  out  at  one  moment  and  take  iU  place  the  next.  Again, 
it  may  blow  with  cuch  foro«  against  the  surface  as  to  drive  tlie  con- 
tained uir  downward  before  it  so  that  the  interstices  become  filled 
with  ordinarj-  atmosphcrle  air.  The  action  itt  more  mnrke<l  with  Boils 
of  ordinar}'  coarseness  of  texture  than  in  very  open  soils  with  large  in- 
terstices which  permit  freer  movenient  in  the  upper  ulrata. 

ThiM  can  Id*  readily  demonstrated  by  means  of  a  simple  experimeot 
with  the  apparatus  shown  in  Fig.  17.  Here  we  h.ive  a  ghis^  cylinder 
inside  which  In  a  glows  tube  extending  from  the  bottom  and  bent  over 


App4ml  ubl4>«hovniiUon 
of  wlnil  ul>  nail  air. 


H  ibf  top  so  aa  to  form  a  U,  into  wLicb  im  amount  nf  water  sufficient 
I  bfcrm  a  seal  may  be  iutroduoecl.     If  now  we  lill  the  inttrvf^niiifr 

re  up  to  tlie  tr)[i  vriih  >tand  and  thvn  direct  u^nmt  the  surfiice  of 
Itfter  a  curn-nt  of  uir  by  meiuiB  of  u  bellows  or  by  blowing  .thariily 
I  Ikm^  a  tube  of  glaoa  or  other  matcrini,  the  wliole  volume  of  uir  in 
'  ihtiHerftices  is  set  in  motion,  which  is  cpmrnuuicated  to  the  air  within 
dttoiclosed  tube  sn  that  the  water  in  the  U-itlmpc<I  dojm--isi<^iii  i^i  oniiscd 
■DOnllate.     If  tbe  wut^-r  completely  lills  the  short  leg  of  the  U,  it 
I  BMf  be  fbrc«d  over  and  caused  to  <irip, 

I^bowcvcr,  imstcad  of  employing  wind,  wc  fill  the  cylimler  with 
(OKwpavel/tlie  oscillation  of  the  water  will  be  cither  less  noticeable 
or  tntirely  abtwnt,  the  air  which  enters  at  one  point  on  the  itnrfacc 
wmiBiiDicitiDg  its  motion  to  that  immediately  adjacent  in  the  upper 

r^   . 

Thu  me  and  fall  of  the  water  in  the  subsoil  assists  in  tlie  production 

of  nhaiiom  in  the  amount  of  carbon  dioxide ;  on  the  one  hand,  by  ita 

ritt,  fordi^  the  rich  soil  air  upward  and  outwnrd,  and  un  t)ic  oilier 

hmd,  by  its  fall,  drawing  it  downward   and  causinji  its  place  in  the 

'  *ffn  tlnta  to  be  fillol  with  atnio.'<|»lieric  air  with  low  ountcnt  of  the 

DifferenccA  in  temperature  and  liarometnc  preiuurc  have  alno  been 

I  atatiofied  as  exerting  inRucnce  on  the  motion  of  the  ground  air.     In 

tptvif  and  summer,  the  ground  air  is  colder  and  denser,  and  in  autumn 

mhI  "inter,  it  is  warmer  and  lighter  than  the  air  idiove.     Hence  in  the 

fcnncr,  it  tendit  to  remain  stationary  or  to  sink,  while  in  the  latter, 

lit  riset  and  minglt*  with  the  utniosphere,  which,  under  proper  cf)n- 

lAioiu,  replaces  iL     Again,  these  changes  may  occur  in  both  dircc- 

ItknswitJiin  the  Mime  K]iace  in  twenty-four  hotin*.     For  iuRtance,  at 

IRCnit^and  at  night  the  atnioepheric  atr,  being  wider,  enters  the  soil, 

'wtiiit  by  day,  being  warmer,  in  direction  h  reversed  and  air  la  drawn 

1 1p  from  below. 

MoTCDient  due  to  temperature  differences  is  almost  constant,  since  it 
I  ■  only  rarely  that  the  U-nipcniturcs  of  the  air  and  soil  are  in  agree- 
I  ■rat.  The  iuHi>ence  of  barometric  pressure  changes  is  not  very  great ; 
*Mi  &I1  in  pressure,  tlic  tendency  U  lowanl  njiward  movement,  and 
'  vith  rise,  toward  downward  movement;  but  Fodor  found  from  the 
'  «ndT  of  a  larf^  numlier  of  olwervations  tJiat  tlie  actual  observable 
■  were  insignificant. 

■■  1  ihe  variotio  iiitlueitces  at  work  causing  movement  of  the  soil  nir 
in  ail  dirfcttons,  it  nitist  be  plain  that  the  wil,  i-!<|>ecially  if  highly  per- 
■ahtt.  u  endowed  with  a  sort  of  respiratory  function  which  kei.-[>8  it 
■wwork'ss  well  veutiliilrKj. 

It  was  formerly  believed  by  Pctlenkofer  and  others  of  the  "  Munich 
Sebol"  tliat  the  ninouul  of  carbon  dioxide  in  soil  air  might  serve  as 
■I  index  of  tbe  amount  of  impurity  and  of  the  rale  at  which  the  latter 
fa  deajoDposing,  and  that  comparison  of  the  amounts  obtainable  from 
^iffnvnt  soiU  would  serve  to  indicate  their  n^lative  cleanliness.  But 
Mch  is  not  tbe  case  with  soils  equally  jtermeublc,  owing  to  the  influence 
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exertiMi  od  soil  ventibtion  by  so  many  varying  an<l  coiiRicting  camML  I 
Iu(lt^e<],  il  has  beeo  proved  by  Kodor  tliat  a  permeable  soil  extensively 
coiitutuinatod  by  uremic  filth  may  yivld  lcs«  of  thU  imk'X  of  impuritjr^ 
tfaan  one  far  cleaner  but  le&s  -tiBceptible  to  ventilatiug  influenc«& 


8oU  Water. 

The  motature  viintiiincd  in  the  imjU  may  bv  U<»ignated  id  three  & 
ferent  ways,  aooording  to  its  )>oeitiou  and  the  forces  by  wlikli  it 
held  in  place  ;  iijimfly,  liygroscopit?,  wipilbry,  and  gmvitntion. 

Hygroscopic  water  ia  that  wliich  iidlieres  to  the  surfaces  of  tltc  » 
particles  in  tin;  prc^tiMKW  of  nir.     A  et-rl»in  amount  of  moisture  U  ooi 
deoAed  upon  the  surface  of  most  eolid  stibHtaucex  pxpoeetl  to  ordi 
djin)])n<>S8^  and  it  adliorc?  with  great  t«nacity.     The  anrnant  of 
eo  obtained  differs,  other  conditions  bein);  the  same,  according;  toti 
nature  of  the-  ttorl,  Nomi^  noil  contitiiueut^  surpassing  others  in  thciri 
power  to  iittHK't  it, 

Thiu,  »oil8  rich  in  oi^nic  matter  (humus)  have  a  greater  degree 
LygroHoopicity  than  ottivrs  in  which  tliis  constituent  ia  prawnt  to 
lesser  extent.  In  some  eoils,  the  amount  of  hyKro'<coi>i<!  water  is  \t!j 
innrki-d  by  n-nHun  of  th«  largi^  ninouiit  of  nr^inic  matter  and  becsuK 
also  of  the  Urge  suHace  urea  presented  by  llic  s<^)il  particles.  Somt 
idea  of  the  tenacity  with  which  this  moist4ire  ia  retained  may  be  <fe- 
rivcd  from  the  fact  that  air-dried  soiln  which  apjicar  to  be  quite  di^, 
even  the  dust  of  country  roads  for  instance,  may  yield  even  as  muci 
an  a  t«nth  of  thnr  weight  of  water  on  complelt'  drying  by  ordinal^ 
laboratory  metlioda. 

Jiocli  the  moi^tiinr  abiiorbed  from  tho  air  and  the  water  held  on 
Boil  grains  by  surface  attraction  after  a  condition  of  decided 
hu!*  l>een  reduced  by  the  driiining  away  of  the  rest,  may  l>e  termed  hy- 
groscopic. Tile  (uipillary  moisture  is  that  which  is  held  within  ih* 
s|tace9  which  have  been  already  spoken  of  as  capillary  in  their  uslun. 
Under  oiilinary  eondittons,  these  arc  itileriiiingled  with  spacer  wtuek 
may  not  be  so  designated  and  which  contain  air,  and  so  the  capilUif 
nioiAtui't}  does  not  ordinarily  equal  the  [x ire- volume.  Tlie  water  in  0» 
capillary  space*  may  be  that  which  is  retained  after  thorough  welting 
from  above,  or  it  may  have  crept  upward  or  laterally  from  pointt 
coiiiplelely  natnraled.  (Capillary  movement  oceurs  in  alldin^-tioii^but 
it  is  most  martved  from  below  upward  to  points  where  water  is 
withdrawn  by  evaporation  or  by  the  demands  of  growing  vtgc<atio'>' 

The  heiglil  to  wliieh  watvr  may  rise  by  virtue  of  this  force  depenii' 
upon  the  diameter  of  the  spaiv?s  ;  the  smaller  tlie  diameter,  the  gr«l 
Uic  ri*e.     Jurin's  law  of  cajiillary  uiuvcmcnt  is  that  the   height 
aacentof  one  and  the  same  liquid  in  a  capillary  tube  is  inverMly 
the  diameter  of  the  tube.     Thus,  water  will  awrnd  ten  times  as  hi| 
in  a  tuU^  having  a  diameter  of  fl.l  as  it  will  in  another  with  a  di 
fit"-  *'"  1.0.     It   foliowis.  tbercfoR',  that  capillary  moveroeut  is  m 
M  qf  fine  texture. 
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(^jiilUry  rnovenienl  is  ntfllrmlly  influciK-cd  also  l»y  temperature 
I  {«r  tW  oaturc  of  suUtutK-ra  held  in  solution.     It  dimiiiisliiw  (i»  tlic 
eraiure  rtixt*,  and  iiioreisi^  iij*  the  Iciiipuniliirv  Tiilk,  »o  that  cool- 
s  Kill  unifonnly  vrJII  caiuc  incraised  capillary  niovem<'nt,  and 
;  it  will  caiise  a  fall.     But  with  imt^vi'i)  tcmpcratim'Ti,  the  mo- 
iwill  be  diflcn-nt  according  iLs  the  tcm]>cratun'&  vary.     ThiB,  if  the 
part  of  a  column  of  soil  be  cool«d,  the  ntirlkoe  teiii^ion  of  its  con- 
water  will  he  incrc-a.^'-ii  at  that  p<»nt  aud  water  will  be  attracted 
ittie  partii  above,  gravity  assiniiug ;  wbereatt,  if  it  be  hinted,  its 
aided  wnu-r  will  In-  nttrai;ti^l  iipwtird. 

I  fattirated  soils,  motion  of  the  water  in  any  direction  is  very 
ity  influt^noed  by  temperature,  bei<an.'«i>  of  tliv  divot  of  hral  ia 
jing  the  s'iscoflity  of  wat«r.  The  higher  the  temperature,  the 
the  diminution  in  riscosiiy  and  the  freer  Uie  movemeiit. 
iallitpiicv  of  clissolvcti  ituh^tunc.-K  dcpondu  upon  tlicir  nature, 
>  &voring  and  otJicrs  retarding  movement.  The  rate  is  increased 
rthe  pn>!t(.-noc  of  nilmtc^  und  ix  diniini^^hod  by  cornuion  salt  ami 
lipblte  of  calcium,  but  the  favoring  influence  of  the  presence  of 
:  n  moet  markedly  M>nnU-rai'i«-d  by  oi^iuic  xulvjlauo^s  produced 
r  deooropOM^on  of  mattera  of  vrgetablc  origin,  for  a  minute  trace 
rtbese  completely  neatralix&t  the  elTttot  of  Mich  aniottubi  of  the  for* 
rutre  comnMoly  prv«cut  in  cultivated  soil. 

[goes  without  sa>nng  that  anything  tending  to  the  diminution  of 
illarity  of  a  soil  dimini«hcit  tht-  rate  of  citpilliiry  flow.  When  the 
it  worked  in  such  a  way,  therefore,  aa  to  produce  an  open 
ily  condition  in  place  of  on«  of  comiiiiotm.-^,  the  ralv  of  capillary 
traent  within  it  is  very  greatly  diminished. 
!come  now  to  llie  third  division,  whieh  ha.'*  Itoen  dcwijrnat^Hl  m 
water.  ThiH  it;  the  water  which  has  drained  away  through 
!Nil  by  the  force  of  gravity  and  aeonmulaled  in  the  suliHoil  over  an 
Dpenncable  stratum  which  hua  urrottcd  iln  further  downward  journey. 
i*  what  is  commonly  known  as  ground-water,  or  piut>soi]  water. 
iiDDc  extend*  fnim  the  ^iiirfiicc  of  the  impcrnicable  biirricr  upwanls 
I  that  point  where  the  interstices  of  the  soil  cease  to  )>e  completely 
wiih  water,  but  an*  fill«d  partly  with  air. 

point  is  known  as  the  ground-walcr  level.     The  xone  above  it, 

|b  which  t<>'ater  i»  moved  in  the  cjipillary  .spaccH,  i^  known  as  that 

ciliary  soil    water,  and  extends  as   far   as  llic   water  is   moved 

|h  that  force,      .\hove  this,  at  and   near  the  surface,  is  the  zone 

fnporation,  from  which  water  is  evaporated   into  the  MlniO!<.|ihere. 

Tbe  im[>ermeable  stratum  beneath   the  subsoil  water  may  be  either 

'Dae  iQind,  compact  clny,  or  ruck.      It  may  be  tbin  or  thick,  ac- 

j  to  circum.*tan«?3.      Below  it,  there  may  be  a  succepsioti  of  alter- 

'  permeable  and  im|H-nni-,iblc  i>tr;tta,  ho  that  in  driving  deep  wella 

[Mriety  of  strata  are  pierced,  and  waters  of  varying  composition  may 

laeeand.     Ilen^e  clay  ia  praclically  impermeable  to  water,  but  at 

l<  time  it  can  c»mmuniciite  its  moistnm  to  surfaces  with  which 

s  in  immediate  contact,  a  faot  which  rendera  necessary  the  in- 
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UtrpoHition  of  dnmp-pruof  matcriitl  in  the  roundations  of  bousos  built 
upon  it. 

Kuc-ks  vnry  grciitly  in  im{icrm«ability  ;  the  densest  of  th«m  con- 
tain very  small  aniounte  of  moisture  in  their  pores,  while  others  are 
80  porouH  that  they  miiy  oontatn  a^  much  ns  ii  tliird  of  their  volame 
of  water.  Ai^nin,  most  rock  deposits  are  moro  or  less  fissured  and 
senined  and  thus  permit  to  a  gn^alcr  or  leiss  degree  the  poitsage  of 
water  ut  thexc  points. 

The  water-bearing  stratum  is  usually  gravel  or  sand,  but  may  be 
porous  or  fissureil  rock.  It«  depth  is  excoedinply  variable,  dejiending 
upon  local  geolo^eal  conditions,  and  at  two  points  not  widely  sepa- 
rnlcil,  it  may  be  re.spw lively  sliclit  lunl  considerable. 

The  ground-water  is  in  constant  motion  both  laterally  and  verti- 
cally. Its  lateral  movement,  whatever  its  rate,  <]epcttd8  Hjwn  the  oon- 
figtumtion  of  the  iiupermeuble  layer  below  and  not  upon  that  of  the 
HOr&oe  of  the  land.  (Jenenilly  .'ipeiiking,  t^n^  direction  of  the  move- 
ment is  townrd  the  nearest  large  body  of  water,  lie  this  the  (M!«,  n 
lake,  or  a  river;  but  it  i.'*  not  often  possible  lo  determine,  e.toept  in  a 
general  wny,  from  surface  observations,  whether  nt  any  given  point  the 
flow  is  in  one  direction  or  another.  This  i<i  esjiecially  true  when  the 
water-bearing  slruliini  is  thin  and  underlaid  by  an  iuificrmcable 
stratum  of  very  irregular  conformation. 

Tlie  rate  of  movement  is  also  cxet^-dingly  variable  ;  it  may  be  fast, 
or  slow,  or  hardly  perceptible.  In  Munich,  for  instance,  according  to 
Pcttenkofer,  it  amonut.4  to  alxiul  fifteen  feel  daily,  while  at  Berlin,  it 
is  only  very  sli^lit  and  at  limes  is  wanting.  It  is  influenced  by  llic 
configuration  of  the  aub-.Hurface,  by  the  permeability  of  the  subsoil, 
by  the  uniuimt  of  the  accession  of  moisture  from  roiufall  and  melting 
snow,  by  the  obstacles  intcriiosed  by  the  roots  of  trees  and  other 
plant-',  by  other*  at  its  outfall,  nnd  by  thi-  withdrawal  of  moisture  by 
the  needs  of  vegetation  and  of  conimunitiea  of  men. 

The  ri.se  and  fall  of  the  gronnd-water,  that  is,  Ita  vertieal  move- 
ment, depend  ehietly  upon  the  amount  of  rainfall,  and,  on  the  other 
band,  upon  the  rate  of  withdrawal  by  evaporation,  vegetation,  and 
water  supply  of  communities,  and  upon  tlic  freedom  of, or  obstnoles  to, 
the  outflow. 

The  (tfK.'ct  of  rainfall  is  gencndly  not  immediiitcdy  iwreeptilJe,  for 
so  much  time  intervenes  between  hea^'j"  falls  and  penetration  that  ■ 
falling  of  the  ground-wAtor  level  may  continue  to  l*e  observed  for  n 
long  time  after  a  period  of  great  wetness.  But  when  the  level  riscK,  it 
is  a  proof  that  addition!*  have  been  rewived  from  above,  though  per- 
haps the  accession  bos  travelled  through  a  long  distance  in  the  soil. 
When  it  falls,  it  is  a  sign  that  the  np|>er  strata  have  become  dry  through 
ev^ximtion  nnd  that  capillary  attraction  has  oarrieil  muislurc  upwards 
to  replace  the  loss. 

The  rise  and  fall  of  the  gronn<l-wati*r  level  can  be  determined  by 
measuring  from  day  to  day  the  distance  between  the  surface  of  the  soil 
aud  the  height  of  the  water  in  a  numl>cr  of  wells  of  a  given  locality. 
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lufctn  n^ilitv-  he  done  bj-  mcunK  of  n  tap(^«m«t»iir('  or  vhuin  to  wliicb 
iitiacli«d  a  pod  bcaria^  a  number  of  shallon-  metallic  cupa  which  are 
'■ll»«td  ii>  n-.-ioli  inflow  lint  siirffiw.     TUk  (li^taiioc  Iwtwccu  tilt-  point 
life  chain  at  th«  mouth  of  the  well  antl  the  uppermost  cup  in  whicrit 
■is  foDiK)  indicates  the  position  of  the  walcr-icvcl  witli  tt-wpoct  to 
tflirian-. 

By  removing  oh^itacleo  to  theouttall  of  the  underground  riv<tr,  as  it  is 
nictimes  nilkt),  utid  liy  crcatinf;  nor  otilfiills  by  ditching  more  or  less 
4aply,  according  to  individual  condilionn,  by  mnking  drainage  wells, 
vrij  laying  drain  tile  bcneatli  the  surface  at  siicli  deptlu  m^  may  ap- 
rlo  he  advieable,  the  level  of  the  ground-water  may  be  conHider- 
■  lowered  nnd  ihe  soil  thereby  rendered  wrre»|Mindingly  drier,  und 
0,  by  rKi-ion  of  the  iofluenoe  of  water  on  soil  temperature,  warmer. 
Bonrces  of  Soil-water. — The  prinejiuil  -tourcft  of  the  .tnil-wnter,  it  is 
ly  neoeanry  to  say,  is  the  rainfall,  but  by  no  means  all  of  the 
r  precipitated  from  the  atmoiiph<>re  during  a  atorm  penetratejt  to  the 
Li|;ht  nins  may  be  wholly  lost  by  evaporation  and  heavier 
ledatly  daring  active  vegetation,  may  penetrate  but  very 
Jy  beneath  ilie  surface.  In  wirly  spring  and  in  autumn,  Uie 
which  peroolatea  downward  is  naturally  mueh  larger  in  pro- 
'  prtioa.  A  by  no  means  in.'^ignifiejmt  amount  of  moi-ttiire  in  that  de- 
nvtd  by  absorption  and  oonilensatiou  from  a.  moist  atmosphere. 

lo  periods  of  drought,  this  power  of  dry  soil  to  alworb  water  from 
■■n  air  is  of  the  greatest  value  to  vegetation.  The  amount  ab- 
wicd  difien  aooordtng  to  tlie  nature  and  hygroaoopidty  of  the  soil 
sU.  'Jlins,  a  Miil  rich  in  humus  will  attract  more  water  thun 
rcomposed  wholly  of  sand.  Condensation  of  ^vater  occurs  when 
tHriam  i»  cohl  an<i  in  conlaet  with  uioint  air.  Tiiiis  condensation 
■TOocnr  from  above  or  from  the  rising  moist  soil  air  juat  below. 
A  third  wuroe  of  moisture  of  no  great  importance  is  tlie  breaking 
ftforganic  matter  into  its  constituent  elements,  in  which  process  the 
in  in  great  part  ultimately  released  in  n^mbination  with  oxy- 
ts  water.  Another  and  exceedingly  imp'>rtnnt  source  of  soil 
ore,  important  not  because  of  the  amount,  but  becau»e  of  the 
'  of  the  water,  und  because  of  its  pottsible  effect  on  t)iu  supply  of 
nft  water  and  on  public  health,  is  the  waste  waters  incident  to 
lifp,  whidi  in  mi  great  a  pnijKtrtion  of  eommuiiitit^^  arc  dis- 
1  directly  into  the  soil,  where,  being  out  of  sight,  they  are  equally 
Itf  mind. 

Uk  of  Soil  Moisture  by  Evaporation, — The  amount  of  water 

■jneli  a  soil  loses  by  evaporation  is  indiienced  by  a  number  of  factors 

I  include  the  water  ointeut  of  the  iwil,  the  height  of  the  permeable 

.  r,  the  oompoettion  and  structure  of  the  soil,  and  the  character  of 

■  nr&oe  ana,  particularly,  whether  it  is  covered.     In  other  words, 

:  i^ditT  of  the  process  is  proportional  to  the  combined  area  of  sur- 

>  eiiNMed,  and  to  the  facility  for  replacing  the  loss  by  withdrawals 

iBflnence  ofVegetation  on  Soil  Moisture. — The  amount  of  water 
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wing  venation,  which  requires 
vu«t  su[tplv  for  the  pn>p«r  nuUDteniiDOc  of  its  fuucttonn.  it  vrilhdniws 
it  by  absorptjiiii  bv  rlio  roow,  wliich  extend  downwards  to  fiurpri«iafl 
dvplhs,  the  rout(<  of  whfiti,  for  iiii<tuncc,  utUiiniiig  »<inK'tinie«  a  lei^^ 
of  eight  feet  and  more.  From  the  roots,  the  water  passes  into  the  dr- 
ciilnlion  of  tlic  plnnt,  »!^i<i»tx  in  the  vurioiiit  ]itiyi<i<ilogica]  prooeMei^ 
and  then  for  the  most  part  is  given  off  from  tlwf  leaves  into  tbo  tJ- 
roo?|iInTC, 

It  has  been  calculated  by  Pettenkofer  that  an  ouk  evaporates 
than  eight  timr«  th<*  minfall,  and  that  the  Euinlyptu*  r^ofiulus  is  < 
more  active.     The  difference  between  the  rainfnil's  wntribution 
tlie  amount  exhaled  rcpresentit  the  amount  which  haa  been  withdras 
by  the  roots  from  the  ejipillary  spsiees  uiul  fnmi    ihe  water  table  it 
Aa  tlw  water  in  ihe  eapillarieji  is  relincinislied  by  them,  more  coine»i 
from  below  to  take  its  place. 

Thus  it  is  that  a  plant  or  tree  acts  dnrinjj  the  growiofi  season  •«  i 
oouMantly  workirif;  Miirlioii  ap|HiTiilns  tending  to  dry  the  ground,! 
»o  may  be  explained,  in  part  at  leai^t,  the  condition  of  wctnns  tliali| 
ac({uiivd  by  Home  lands  after  removal  of  trees. 

All  growing  crops  withdraw  enormous  umounts  of  water,  and  at 
the  growth  becomes  well  ad\-aneed,  it  is  the  capillary  water  upon  whiti 
dept-mleuee  is  pluci.'d.  ffir  l)>e  rainfall  penetmles  but  a  nliort  distao 
into  cultivated  land  and  must  of  it  is  lost  by  evaporation.     WcrciQ 
not  for  the  eapillary  water  snpply,  no  cro|>s  eould  be  raised  exoff 
iitider  mo«t  extraordinary  conditions  of  weiithcr  and  by  nriifivinl  ir 
gntion,  since  hut  a  short  period  of  drought  would  suffice  to  produ 
willing.      A^vioniing  to  (;Iock bridge,'  "The  (jiianlily  of  water  tha 
required  and  evaporated  by  different  agrienltunil   plants  during 
period  of  growth  htu>  IkI'II  fount)  to  be  an  foUows: 

1  arrc  ot  whot  rjiha1ci._ 40B,ft3S  lt».  of  w>l»r. 

i    ■■    ■' flowr  •»l.»lw. 1,098,284    "    "      " 

1    "     ■■  Ninflowen  eihalta 1S.U6,9M    "    "      " 

I    "     '■  mhbwB  Mbnle-..- S,Mft,IM    "    "      " 

1    "     "Kniiwviiw.Mh.lw. 73^738    "    "       '■ 

I     '•     "  hopiMtiile* _ 4.4»,<WJ 

But  the  inflncne?  of  vegetatinn  on  the  water  content  of  the  soil 
not  limited  simply  lo  its  wiihdmwal  and  evaporation  into  the  aUno 
pliere,  for  it  acts  in  the  other  <lircction  to  impede  surface  flow  and  snb 
eiirfacc  drai»a}:e.      This  is  seen    more  particularly  in  the  <^k  of 
and  li>resli».     The  forest  cover  keeps  the  soil  granular  and   pron 
downwartl  pcnxilation :  the  tree  roots,  penetrating  in  all  direction 
preeent  an  effective  ob^^clc  to  mpid  Intend  movement  through  thet 

K<-moval  of  fiirests   and   clearing  away   the   surface  of   the  fw 
Utter  promolcs  sudden  and  destructive  freshets  in  the  springtime  : 
drought  when,  later  in  the  year,  the  water  is  neede^l.     The  ill-eflei 
of  detore^aiion  arc  partioul.irly  noticed  in  parts  of  Maine  and   in 
Adirondacks,  where  streams  tliat  formerly  ran  full  the  year  round 

>  liorla  and  Soib.  N«>  York,  1888. 


OTBSB  BFFECTS  OP  VEGSTATtOy   Vl'Oy  TUB  SOIL.        271 


I  tonvnts  tvfaen  the  wijiter'i'  snoWR  are  melting  and  in^igiiifirant 
tor  wIkiIIv  ilrv  cttiriii^  tlio  suniincr  monttis.      It  liiis  been  slated 
lojor  Ilaymond  of  the  V.  S,  KngiDeers  that  in  lorcsi  anuM,  fonr- 
I  of  tiie  miiiliill  an-  Nivt'ii,  nliiln-  in  cicarnl  luiid  the  same  noiount 
llwl  br  evaporation  and  surlaet;  flow. 

;  Other  Effects  of  Vegetation  Upon  the  Soil. — Tn  nddition  to  its 

(DCC  on  tbc  movetueut  of  soil  water  and  on   its  ninouat,  vegeta- 

lisaD  important  tiiotor  in  tb^^  lU-KTiiiIiintion  nf  aoil  Ivmpc  rut  lire 

t  of  tbe  amount  of  mineral  matter  available  for  suoeeediiig  growths. 

deeply  peoetraling  roots  bring  up  to  the  tissues  of  the  growing 

ai>a  laige  nmoiinl  of  mineral  luiitter^  from  the  «ubHoil.     On  the 

Land  decay  of  the  plant,  thete  matlers  are  relumed  to  the  soil  at 

im&oe  whi-rv  ihey  are  rvtuly  for  re»li!s<>rpti<jii  as  plant  food. 

I  Tbe  effiffct  of  vegetation  on  soil  temperature  is  of  much  importance 

ibutb  hot  and  eold  climate*.     A  barren  Miil  or  one  from  which  veg- 

■^  ha»  been  strippetl  absorbs   ihe  hent  rays  of  the  sun  more  rap- 

Ujuid  Ikecomes   much  hotter  ihan  one  whieh  ib  protected  by  growth 

Tuy  kind.     The  air  ahove  the  soil    Ijeeoines  hotter,  too,  bcciiiisc  of 

■Ur  heat  radiation,  and  the  difference  in  Ihe  surface  temperature  of 

r  ground  and  tlint  covered  by  graax  or  other  vegetation   is  further 

by  the  cooling  effect  of  evaporation  of  moisture  by  the 

nts.     ilirrl)age  ai^«  im  a  protirrtiiiTi  n^iiiiit  too  much  lifaliiig  in  hot 

and  as  a  blanket  to  prevent  loss  of  heat  in  col<t  ones. 
laBommer,  the  areas  coven'd  hy  vegelatioi)  are  cooler  than  those 
I  arc  anprotcctcl  against  the  direct  rays  of  the  sun,  and  in  winter, 
n  are  wanner  heeause  of  tJic  obstacle  to  heat  loss. 
Tretn  olwtruct  the  sun's  rays  and  impeile  wind  eiirrent^,  and  thus 
'■  toil  is  cooler  and  at  the  same  lime  suffers  less  loss  of  moisture  hy 
&n.     The  ob^^tniction  of  the  wind  eurrenis  deprive*  ihe  isoil 
I4f  one  of  the  influences  having  to  do  with  its  movement,  and  thua 
ritli  the  «t<i\  reKpiratioii.     The  obstacle  np[MiHed  hy  trees  to 
I  motion  of  air  is  so  grvat  that  in  the  interior  of  a  piece  of  wooils  the 
'nuy  be  t]uite  calm  while  a  gale  i.-^  Mowing  iintsido. 
la  rinler,  tlic  ubstniction  of  the  sun's  rays  aids  in  the  conservation 
■  Ok  soil  heat  by  protecting  the  accumuhited  snow  from  melting  and 
PibeqM  tlie  surface  protected  by  n  blanket. 

[la  evld  dimates  the  influence  of  trees  may  be  at  the  same  time  per- 

'~a  and  iM-ncfieinl ;  that  !>^  lo  suy,  |»eriiieioiis,  in  that  the  ground  is 

rand  moister  than  it  would  be  had  the  sun's  rays  free  acoets:^,  and 

1,  in  that  tliey  afford  pmUrclinti  iigainsl  wind.     The  judicioua 

of  trees  will  often  render  a   climate  more  etjiiablc.      In  hot 

,  an  in  <HiId,  tree;*  should  be  removed  only  in  case  of  necessity 

I  tfbr  due  considenition  of  the  probiible  results.     Tlii>  IiolteMt  spots 

that  countries  arc  those  deprived  of  the  l)eneficial  influences  of  vcgc- 

It  nay  not  be  out  of  place  here  to  mention  the  suppoM-il  agency  of 
lod  in  protecting  eummiinitics  from  "  nialnriiil  exhalations  "  from 
Dp  localities  l*eyond.     That  the  interposition  of  a  belt  of  trees  has 
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been  followed  in  a  numlirr  of  inittAnoes  bv  decided  improTenwnt  in  pub 
health  ho  far  as  malarial  troubles  an>  concerned,  cannot  wdl'bc  dtnic 
but  ihe  imjinivi'mi-nt  is  not  owing  to  the  fended  property  of  Ieav«  ( 
c«)adcti»i'  upon  their  gtirfacc-H  the  malarial  |>(>Lton,  but  to  thr  tart  thit 
the  winged  boarfrs  of  tluH  jmiaon,  blown  along  bj-  the  wind,  are  61tenii 
out  of  the  nir  bv  the  leave*.,  or  thcruselvos  week  the  pixitection  ihus  if- 
forded  against  further  involuntary  movement  and  attach  thcnK^htt 
to  the  lucward  side  of  leuve«  and  trunks. 


Pollatioa  of  the  SoO. 

The  soil  receives  polluting  matters  of  infinite  \-ariety  and  in  widclj 
ditfering  amounts,  but  their  nature  an<l  their  umonnt  are  of  lo»  im- 
porLinoe  ntlativi-ly  than  their  jM>iiit  of  entrance.  Some  of  these  polk- 
tiooB  are  unavoidable,  and  thew,  imleod,  are  the  one«  couccniii^ 
which  we  may  give  ourselves  the  least  concern  ;  others  are  avoidably 
though  not  always,  or  even  u»imily,  without  the  incurring  of  eipenib 

The    unavoidable  pollutions   iiichidc  the  urine  and   droppings 
animals,  rlii;  carniMes  of  suoli  as  have  died  and  have  c^eagira 
notice  of  other  animals  tbatact  asBcavougent,  and  the  vegetable  matte 
of  (-very  conceivable  kind  in  the  various  stages  of  decay.     Kxcep 
under  very  unusual  conditions,   such,   for  instance,   as  may  exuti 
time  of  war  or  Hood  or  famine,  when  large  numbers  of  horses, 

'  and  other  animals  are  killeil  nr  die,  llii'sie,  lying  at  or  near  the  »ur 
are  of  comparntive  unimportance,  since,  eX|>osed  to  natural  processes  t 
pnrilication,  thi-y  arc  re-solvcd  into  simple  innocuous  substances, ' 

Isre  absorbed  by  plant  life  or  washed  downward  into  th«  sen]. 

The  avoidable  pollutions  an>  mainly  those  which  man  Atjiodfi 
beneath  the  surtiiw,  anil  these  are  first,  and  of  le*7*T  importance, ' 
bodies  of  the  dead,  and  second,  of  vast  importance,  the  excreta 
other  oiganie  hlth  that  constitute  sewage.  The  tem)x>niry  stori]^  i 
filth  iu  water-tight  n.'ceptacles  built  under  ground  can,  of  conree^  < 
no  harm  to  the  surrounding  soil,  but  it  is  not  into  such  titut  man  i 
ally  choows  to  dejvfsit  hi»  waste.  Water-Ught  cesspools  become  j^ 
ually  filled  and  then  retjuire  to  be  emptied,  while  those  with  pervk 
bottoms  (wrrail  tlie  es<!ape  of  the  contents  downward,  require 
tliooght  or  trouble  and  are,  therefore,  a  source  of  contentment  and  i 
•aving  of  exjwnditure. 

The  fiilh  thus  inlruducwd   is,  however,  below  the  zone  of 
activity  of  the  bcneliceut  kind,  and  becomes  stored  up  in  the  snbeoil  I 
is  gradually  washed  away  by  the  ground- water,  wliicli  is  thereby  : 
unfit  for  humau  consumption.     Organic  matters  deposited  in  the  nt 
BtraLi  of  the  soil  are  resolved   into  their  constituent  elements 
greater  or  Iftw  rapidity  according  to  load  conJitioos  of  distance 
the  surfV'c,  tcnipcrature,  degree  of  moisture,  and  permeability  to  : 
the  process  advancing  moat  rapidly  in  a  well -ventilated,  iiKnlerati 
dry  soii  near  the  surfiu<e,  and  most  unfavorably  in  wet  compact 
(Wuu  lixt;  surface. 
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The  itifluenoe  of  tbe  physical  condition  of  the  soil  is  frequently  oh- 
em-ed  in  tlte  exhumation  uf  Iwdie^  for  one  cnuse  or  another  nftcr  vary- 
ing iteriodii  of  interment.  Thus,  in  open  eoile,  bodies  may  almost  com- 
pli-l^ly  diHk])p<-»r  in  (he  otiinttt  of  »  few  yeiiw,  Vfhile  in  utitT  w«'t  clftya 
they  may  he  found  even  after  twenty  and  more  years  to  be  putrid 
marmm.  ctili  undergoing  ii  mo!)t  gradual  proeess  of  di^intt^ralion. 

Indeed,  it  is  stated  that  in  excavating  an  unetcnt  churchyard  la 
Iiomlon,  the  «oiI  of  which  was  a  wet  clay,  bodio*  were  removed  that 
showed  after  two  centuries  of  interment  no  materially  dltfi^'rcnt  appear- 
ance from  lho»e  of  othera  which  had  been  bnrie^l  not  over  a  .icore  of 
years.  Rcwntly,  Dr.  A.  Kiwlel'  hnd  an  op]H>rtnnily  to  compare  the 
ivaalti  of  decomposition  proceeding  in  bodice  buried  for  about  tbe  same 
period  in  soilis  that  were  rcsiwilivvly  loow-,  well -drained  and  well-ven- 
lilated,  and  compact,  wet  and  im}icrmeable  to  air. 

In  tltefir^t  ini^liUKv,  the  remaimt  were  fairly  dry  and  (luiti-  inoffensive  to 
the  sense  of  smell ',  in  the  other,  they  were  a  slimy  loathsome  mass  of  rot- 
tenness which  gave  out  such  a  horrible  stench  thai  the  crowd  of  idlers  that 
had  gathered  was  quickly  di^--iputi'<),  while  tlmsc  wbOM  duty  compelled 
them  to  remain  were  made  iiiiplfziBfuitly  sick  and  ootild  not  rid  them- 
selves of  the  smell  which  clung  to  them  until  Hevernl  dayit  had  elapsed. 

In  the  decomposition  of  organic  substances  in  tbe  soil,  no  offensive 
emanations  arc  noticed  if  a  HuhHtnntial  layer  of  imrth  is  inlerposcd  be- 
tween ihem  and  llie  atmosphere.  Just  as  it  has  power  to  retain  water 
in  it«  interstices  and  on  the  nurfaoe  of  itM  conKtlMicnt  [Nirlides,  so  has 
the  soil  the  faoulty  of  absorbing  gases  and  vapors,  a  property  which 
cannot  have  c«caped  the  noti<-e  of  any  person  ac()uainted  with  the  com- 
mon earlh-cloeet.  The  soil  nets  in  this  resjicct  like  chnrconl,  and  can 
tAke  w]>  not  only  o<lor*,  but  coloring  matters  and  other  subslances. 

Perhaps  the  most  striking  il1u«iraCr<in  uf  iti<  nt!inity  for  odors  is  tbe 
fact  that  illnminaling  gas  from  leaking  street  mains  has  in  some  oases 
been  known  to  be  divcKted  of  it.s  ndonms  conslitnent.s  in  itn  journey 
through  the  soil  to  such  an  extent  tliut,  iK'ing  drawn  into  houses  with 
Um  Boil-air,  its  presence  ha.->  fsciijii^d  ol)servatton  until  tbe  ])roduction  of 
poisonous  eficcts  has  drawn  attention  to  the  exiatenw  of  an  unuanol 
conditii>n  of  the  air. 

The  same  rctnining  adion  in  manifcHlcd  in  a  less  marked  degree 
towarti  substances  in  solution'  which  arc  held  back  by  surface  attrac- 
tion, a  fact  whicii  has  Intin  repeatedly  noted  by  hy^ieiiigts  and  agri- 
cultural chemists.  This  is  more  noticeable  in  soils  of  fine  grain,  sine« 
such  present  n  far  greater  area  of  grain  surface.  Hofmann '  filled  two 
cylinders  of  equal  size  with  sand  of  diffcrertt  degrees  of  fineness,  but 
with  the  Mime  total  jwre-volume,  and  to  each  was  added  from  aimve  an 
equal  rulumc  of  the  same  solution  of  common  ault,  and  then  daily  for 
ten  days  an  equal  volume  of  distilled  water. 

■Haneh*n«r  mvdlciniK'tic  Wnchcnuchrift,  June  6,  1890. 
*  8cc  pw  3T<'i  Tor  nil  iiiii»<unU;r  i-trlkin^  viimplf. 

*U«ber  OM  EindriiiKcn  ion  Veninreiai^ngcu  iu  Uodfn  und  GruoiliruU'.  Arohiv 
fftr  H7|[lm^  U.,  p.  14fi. 
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The  drainage  of  each  day  "^na  te«t«d  as  to  ita  oontent  of  aatt,  and  i 
was  found  that  whereas  that  from  the  ooanscr  sand  yielded  alt  ob  i 
Moond  day  and  gave  the  highest  results  on  the  third,  from  whkb  dn 
the  yield  proprtsBivcly  dwindled,  that  from  the  finer  showed  no : 
until  the  sixth  day  and  its  maximum  on  the  seventh.     Re]>etitioai 
the  experiment  in  the  lutnie  way  in  all  piirlieulnre  yielded  tdenltcili 
flolta.     Thus  it  is  shown  that  pollution  travels  more  quickly  in  i 
soils  than  in  fine.     In  tlio  former,  it  \»  shown  quickly,  and  in  lite  1 
only  after  more  or  less  delay. 

In   the  decom[>i>sition  of  proteid  .'•uhstanees  in  the  .<4oil,  hasie 
stances  are  believed  by  some  to  be  fonued,  which  may  be  taken  in  t 
way  into  the  ay»iteni  and  so  affect  the  resiiitance  of  the  body  lo  dis 
as  to  favor  infection.     This,  however,  is  purely  hypotlietical, 

Afl  has  been  already  remarked,  for  the  resolution  of  organic  mat) 
in  the  soil,  the  presence  of  bacteria  is  e^ssentiul.     This  hajt  been  ilk 
trated  in  a  striking  manner  by  Diiclaus,'  who  treated  sterile  soil  will 
•t«rile  or^nic  oiattem  etieh  as  milk,  gujrar  and  starch  jiastc,  aiid 
planted  therein  peas  and  beans.      Thoitgh  the  resulting  plants  were  ^ 
c^red  for,  it  a]i|>ejirs  that  they  would  not  thrive,  bui  reniaiiicd  aa  tblo 
aud  weak  as  though  growing  in  distilled  water. 

The  organic  matters  in  the  soil  were  of  no  use  to  their  growth, 
they  could  not  be  absorbed  as  such,  but  only  after  decomposition, 
addition  of  a  little  unsteriliTed  earth  was  enough,  however,  to  start  I 
reciuired  pruc<^«s,  and  tiien  the  growth  improved  at  once. 


Bacteria  of  the  Soil. 

The  bacteria  of  the  soil  are  found  almost  wholly  in  the  supcrfiw 
layers,  and  below  n  depth  of  twelve  feet  their  numlicr  i«  relatively  ft*-] 
As  they  need  organic  matter  for  their  growth  and  multiptic3tiefi,i( 
may  be  inferred  that  the  fjix'ater  the  amount  present,  the  greater  will  f 
their  number.     Thus,  the>'  are  far  more  numerous  in  rich  garden  i 
than  in  ordinary  sand  and  elaytt. 

The  conditions  most  favorable  to  their  development  are,  in  additia 
to  the  presence  of  the  organic  pabulum,  moisture  and  certain  hiuilt< 
temperature.  Dryness  and  extTcnies  of  lic«t  and  iwkl  arc  all  unfav 
able;  saturation  with  water  may  or  may  not  be,  according  lo  thc^ 
riety,  for  there  are  some  that  in  a  wet  rich  soil  can  go  on  decom[ 
orjtianic  matters, 

In  onliuarJIy  rich  soil,  the  numlier  nf  hnclcria  ranges  from  hai 
thousttuds  to  millions  per  cubic  centimeter  in  the  surface  layers, 
which  tliey  diminish  in  number  very  rapidly,  until  at  ten  to  twel* 
feet  below  the  surface,  the  soil   is  practically  sterile,  except  for  t^ 
that  have  been  washed  down  or  oarrie<l  by  burrowing  animals,  or, 
above  stated,  deposited  by  man  in  orgnnie  filth. 

The  soil  bacteria  are  mainly  of  the  beneficent  varieties,  the  sap 
phytes  which  perform  only  ueefiil  ofliccs,  including  the  numerous  vi 
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riMicfl  of  the  nilrifving  org«nt»in9.  M'dili*  n  varit-ly  of  putliogenic 
laclma  bsve  been  ibund  Jd  tb?  soil,  and  iboiigti  certain  of  tht^iii,  |1k- 
latiUi  of  tetaauA  and  of  nuiligiiaiit  <«d<^mn,  an-  very  jritiKTally  prc§eDt, 
Uu  cUm  of  oipmiGiDs  iindf,  as  a  nik-,  the  couditiuus  prei^cDt  in  tbe  soil 
Hn&Tnnbte  to  developmeiit. 

In  ibe  first  place,  the  tcnipcrntiire  tit  too  low,  exccpHiig  la  the  very 
tippiriDoat  layers  in  warm  weather,  and,  fiirtlierraore,  they  oaniiot 
Ihnve  in  the  prwwMKX-  of  tin-  tii(irmiiii:«ly  iniincn)ii«  wiprophytois  which, 
ii  BBK  manner  as  yet  u  o^  tie  facto  rily  explained,  bring  about  their  tle- 
itrattioR.  Tilts  action  liiw  b«eu  rcpiiitedly  demoncitnittil  by  Ivnch  and 
olhn,  who  have  aliowti  that  anthrax  bacilli  and  other  putbogeng  can 
IwcfoWD  in  flcrilizcd  »oil,  but  not  in  ftoil  iin.stenliy.ed. 

ft  is  believed  that  in  the  deeper  laycm  uwiiy  from  the  t>npropbytDs 
tkeiporu  of  pathogens  may  find  a  lodgment  favorable  to  .ntonige,  but 
Dottu  tUrvelopment,  and  that  they  may  remain  wilb  dormant  vitality. 

\Udj  exsraination!)  of  graveyard  soila  and  of  bits  of  cofRuB  have 
(wot  iDAdi'  by  Dr.  E.  H.  Wiii<<»i,  of  Brooklyn,  to  dett-rinine,  if  iHiKsiblc, 
the  pRMnce  of  pathogens  as  well  as  the  number  of  bacteria  as  com- 
,  pued  with  ihowi*  in  other  kinda  of  tuiils.  He  f<mnd  no  more  bacteria 
,'AaD  in  others,  and  no  pathogens  at  all. 

Here  i(t  one  kind  of  K'il  that  has  been  found  again  and  again  to 
{■Tea  ilestructive  action  on  putliogeuH,  and  lliiit  is  peut.  which  kills 
tbnn  v*p.-  ciuickly,  jmiliably  through  the  contained  organic  acidx. 

TIh'  eod  acts  as  u  vcrj'  good  filter  and  lioIdB  back  most  of  tire 
orgiuidiDD.  but  by  the  aid  of  flowing  ground-water  or  water  entering 
ma  altovc,  (hey  may  Ik-  carried  through  conKiderablo  distriTicc^.  Thus, 
Do.  Abba.  Orlandi  and  Rondclli,'  experimenting  on  the  liltmtion  ca- 
f>air  (if  tlie  «)il  aboMt  the-  filter  galUriei*  <)f  ihe  Turin  water  Hii])i>ly, 
fcond  that  cnlOirea  of  Mlerococeus  prwIif/ioKtis,  ponreil  with  large  vol- 
mnof  licjuidinto  tli«  ground  at  various  points,  made  their  appt-arnnce 
ttOacten  awsy  in  42  hours,  nnd  1 2  and  27.5  nielent  away  in  7  hours. 

In  tfaew  experiments  tbe  property  of  the  soil  for  holding  back  sub- 
en  in  folution  wjis  niiinitVaUsI  in  »  remarkiihle  di-gree,  methyleosin 
Qraain,  substances  which  impart  intense  red  and  green  coloration 
■Wwaer,  uti  which  were  Rddttl  with  lh«  cuHnrc)',  not  appearing  until 
nogsAertbe  organisms  tmd  parsed  thniugfa.  In  the  above  instance 
n  vhirfi  ther  ippean-d  in  -12  houi«,  (lie  coloring  agL-nts  could  not  he. 
4rt(cttd  tmtil  after  75  hours  had  chipbod. 

Tbe  relation  of  the  soil  to  the  various  pathogenic  bacteria  will  be 
under  scpaiwtc  headings  further  on. 


Boil  and  Disease. 

Tbe  inHtienoe  of  the  8oil  on  health  and  disease  is  ven*'  generally  ad- 
it-j.  but  only  little  understood.     We  know  that  certain  soil  eoiidi- 
lu  &Tor  ihe  ooeurreuee  of  certain  diseases,  but  why  this  is  so  re- 
tiB  a  l^rcat  probleni  for  future  reM-areh  to  solve. 

■Zatwbriftfarlljgicnc  luiil  luf«ctiuiukr»iikhell«n,  XXI.,  ]>.  GS. 
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Our  notions  conoerDing  the  causal  relation  of  the  aoil  are 
greiitly  in  vrror  n-i((i  respwit  to  wTtuin  ilis«9J»e«,  being 
greatly  exaggerated  as  reganls  some,  and  equally  undeveloped  will 
others.  C()m]><)^itiiiti,  [M-ritit-:iliilily,  U'in]>c nature,  nioiittiins  evajMR 
tioi],  Boil  air,  and  fluctuations  of  the  level  of  the  eubsoil  nater  xrei 
8tippOM,-d  to  l>ear  i[n|M)rlant  retalionH  to  many  of  the  discfl^es  of 
kind  and  nnimul  life  in  general. 

8uch  evidenee  at  heara  on  the  relation  of  the  soil  to  diseases  is  i 
in  Renerul  termit  Ik-Iow, 

Soil  Dampness  and  Disease  in  General. — It  has  long  been  untv 
Hilly  noliixiil  (hut  iIiimi|iiu'.'<^  iti  mid   iir^r  tlie  siirlaee  of  thft  8oil  iiyii 
ously  aSecta  the  health  of  those  dwelling  nearby,     It  causee  oold 
of  the  Niii)  and  d»in|in<'.'v«  in  the  atmosphere  immediati^ly  al><tv«,i 
appears  to  conduce  more  [Hirtictilurly  to  rheiimatisiii,  neuralgias,  i 
ditteiiiiCJi  of  (he  respiratory  tract.     It  lias  l>een  noticed   by  mitny  wd 
havt>  investigiited  the  subject  that  the  gencnd  bimlUi  of  those  dwdtiq 
over  damp  soils  is  much  inferior  to  that  of  those  more  favorably  i 
eiiTiiHt:iiiC(^]  in  thnt  regard,  and   in:<lance«i  of  im|in)vemciit  on  rcnwv 
from  damp   to  dry  localities  are  too  commoidy  known  to   need 
illuslratton. 

It  is  gencrully  Agreed  thiit  a  soil  in  which  tlic  ground-water  knll 
high,  five  to  ten  feet,  for  inslance,  from  the  surface,  is  not  favorabfej 
health,  and  that  a  <liH'p  Irvel,  tifl<-«;n  feet  aii<l  more,  is  unobjection 
on  the  score  of  dampness.      This  being  admittcti,  it  might    rea^x 
be  inft-rnil   that  nrtiftcial   lowering  of  the  ground-water  will  be 
]owed  by  inereiise  in  sulubrily,  and  as  a  matter  of  fact  that  is  pr 
what  does  occur.     But  it   must   be  stated  in  order  to  be  historic 
ueeunile  and  in  all  fairntws,  that  while  increased  healthful ne.ss  is  s< 
ae<jiienee,  as  a  rule  it  is  not  the  object  sought,  for  as  a  general 
noil  dniinage,  aspecially  on  a  larg«  scale,  has  been  csirried  out  to 
the  demands  of  Kuecoissfu]   ugnoulturv   rather  than  in  consequcoMJ 
•oHcitude  for  public  health. 

The  methixls  empInytHl  may  Iw  geiiendly  stated  as  inerea«ing 
outlet  and  removing  ob^truelions  to  the  outfall.     I>ee[K'ning  and  de 
ing  tlic  surface  of  waterways  has  often   enormous  effect.     Dit 
and  the  construction  of  uii<lerground  ohaimelwavs  by  menns  of  dr 
tile  or  rubble  and  lieldstones  are  the  most  ooninion  metliods  of  dr 
ing.     Sometime'',  drainagi?  wells  are  driven  at  intervals  down  ll 
the  impermeable  «tnilnni  into  uu  open  sub»oij   into  which   they 
drain. 

The  difficulties  in  the  way  of  draining  extensive  areus  of  unhe 
and  agriculturally  unpnjductivo  land   lie  chiefly  in  the  lack  of 
vidual  coi'iixration.     Such   nndertjikitigw  must  nec^'SHftrilv  In? 
in  n  sjstemaiic  manner, and  ought  always  to  be  under  the  directia 
gome  central  authority — municipal,  state,  or  national. 

"  under-drainagf,  llionsande  upon  thousand.^  of 

•his  country,  notably  in  Illinois  and   Indiana, ; 

io  England  aitd  on  the  continent   have  b«eD  • 
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verted  from  uofaealtliy,  malariotifi  and  mare  or  leu  unproductive  traots, 
ioUi  bculihy  and  richly  pniduclivc  country'.  But  the  scheme  is  not 
always  euccessful  in  relieving  n  locality  of  dioeaw,  especially  of  ma- 
laria, as  hiu>  U-i;-n  |inivcn  in  piird;  of  Itiily,  Australis,  and  elsewhere. 

Soil  and  PolmoDary  Tuberculosis. — There  is  an  undoubted  coa- 
nectiou  lietwM-ti  thit  i)i»eniR'niiiI  voit  (]iimpnot>s,  which  is  most  munifcBt 
when  one  invpstigalcfi  the  prevalence  of  the  disease  over  the  same  eoi) 
before  and  aA«r  soil  dniiiingi',  by  which  it  tvill  iilways  be  found  to  be 
diminished.     Why  this  is  so  we  can  only  conjecture. 

We  know  that  dainpnesi*  is  one  nf  u  possibly  conKidernble  number 
of  factors  in  produclDf;  predisposition  to  the  disease.  We  know  that, 
other  oonditioni)  bein^  tin-  ftiiriie,  the  diiteaae  is  far  more  common  on  low 
damp  aoiU  tliau  on  elevatetl  dn*  ones.  Wc  know  ulso  tlint  the  dis- 
ease  is  comparatively  rare  in  some  parlA  of  the  earth  where  the  soil  is 
except  ioiuilly  dry. 

The  distribution  of  the  disease  and  ita  relation  to  soil  dampneas  were 
first  brought  to  public  notice  by  Dr.  Henry  I.  IJowditch,'  uf  Bu^itoD, 
al  tbe  annual  meeting  of  the  Massachusetts  Medical  Society,  in  1862, 
who  SDhmitted  two  propositions,  the  results  of  most  extcnsivi;  investi- 
gation, which  were  in  substance  thnt  dampness  of  the  soil,  whether  in- 
herent or  acquired  by  reason  of  proximity  of  bodi(«  of  wnler,  in  an  ex- 
citing cause  of  consumption,  whirh  disease  luu  be  checked  in  tts  course 
or  even  prevented  hy  proper  attention  to  soil  eoiiditions. 

Shortly  uHcrwunl,  similur  n^nclusions  w<!rc  promulgated  in  England 
hj  Dr.  Rncbanan,  who  had  been  making  olwcrvations  along  the  aame 
line,  not  knowing  tliiit  I>r.  Bowditch  was  t^imiliirly  cnpiiKi"'''  These 
propositions  were  accepted  by  the  profession  and  have  been  maintained 
erer  iince. 

Typhoid  Fever. — II  is  quite  geuerally  believed  that  tliis  disease  is 
ia  aome  way  connected  will)  soil  conditionn  as  well  as  with  drinkinf; 
water.  Indeed,  there  arc  some  authorities  who  regard  the  soil  as  of 
infinitely  gr«-ater  ini]M>rlanct>  in  the  caiu-otion  of  epidemics  of  this  dia- 
WHO  and  of  cholera  than  the  drinking  wutcr,  which  to  their  minds  hiu 
absolutely  no  influence  one  way  or  anotlier.  The  I'ettenkofer  theory 
of  the  cause  of  these  outbreaks  nttribute«  it  to  the  soil,  from  which  the 
exciting  cause  is  distributed  by  the  ground-air,  which,  as  has  been 
atai4il,  is  in  (.xjusinnl  movement. 

According  to  the  distinguished  originator  of  the  soil  theory,  the  un- 
kiwwn  poison  is  introducod  into  the  soil,  where,  tinder  proper  condi- 
ttons  of  organic  filih  and  other  influences,  »  species  of  fcrmcntution 
occura,  tite  end  pnvluot  of  which  is  the  exciting  cause,  wliich  iw  then 
capable  of  inducing  the  disciiifc  In  those  by  whom  it  is  inlmlcd.  All 
important  in  this  process  is  the  vertical  movement  of  the  ground- 
water, and  it  is  certainly  true  that  over  a  long  fii-riod  of  years  of  ob- 
servation at  Munich,  there  was  a  most  remarkable  coincidence  between 
cpidemicK  of  typhoid  and  fluctuations  in  the  ground-water  level. 

'Tnpoffnplilnl  DldCribiition  uiil  lA>cal  Ot\f}iiot  Consumption  in  M<ixacIiUM(H> 
Tmmi'tiuiu,  ISiU. 
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The  conditiou  most  favorable  to  high  morbidity  was  d«monstJ 
to  be  a  rapid  fall  adtrr  an  un[i«iin]Iy  high  level.     The  highest 
rat«s  diiriiii*  the  time  covered  occurred  during  the  yean  of  le 
level,  and  the  lowest  rales  in  the  year?i  of  ih*?  higho^t  level.     The  i 
coincidt'iicc  has  hwn  noliwd  elsewhere,  but  by  no  nimns  in  all  or< 
a  majority  of  the  localitie.')  where  investigations  have  been  made, 

Tlie  theory  had,  for  a  time,  many  adherent*,  and  the  controvem  be- 
tween the  Hoil-theoriats  and  the  "  nater-fanatics,"  as  Pettenkofer  ralle 
them,  was  carrit-d  on  at  limes  with  exceeding  bitlerness.     Hut  with 
ttii!  iitwt  tlecadc,  the  water  theory  has  been  eo  thoroughly  proven  i 
the  chief,  if  not  the  Hole  cause  of  exienflive  outbreaks,  thai  interest  i 
the  theory  has  fallen  off,  and  ita  supporters  are  now  few  in  numb 
Pettenkofer  himself,  however,  is  as  uneompromiBing  as  in  the 
bi^giiining,  iinil  in  a  recent  paper '  Gnds  no  difficulty  in  applying  tt 
the  great  epidemic  of  cholera  at  Hamburg,  in  189^. 

The  wmlention  that  the  extraordinary  eadeniicity  that  prevailed  i 
lung  at  Munich  was  due  to  the  filthiness  of  ita  subsoil,  which 
honeyeomlied   with  (lewjwjdls,  cannot  l>e  lightly  brushed  aside,  for 
i"  a  fact  that  with  disconl  in  nance  of  tJiese  abominaltons,  and  wit 
system  of  improved  sewerage,  the  typhoid  fever  rale  fell  from  its 
tion  fis  a  lender  down  among  the  lowest  known.     Xor  is  this  full 
as  has  been  claimed,  to  change  in  the  water  supply,  for  the  great) 
deniins  had  censed  and  the  fall  had  long  continued  before  the 
supply  was  changed  at  all. 

Elxperiment  has  shown  that  the  typh"id  organism  can  retain  ill 
vitality  in  the  soil  for  considerable  jieriods  imder  favoring  conditioa 
of  warmth  and  moisture.  Robertson '  removed  sods  from  sevc 
plu«.'«  in  a  field,  and  wet  the  exposed  soil  with  dilutetl  typhoid 
tures,  one  at  the  surface,  one  at  a  depth  of  nine  inches,  and  a  thin 
■  nt  eighteen  tnohcs.  After  130  days,  the  bacilli  on  thesurfaw  had  mu| 
tiplied,  aud  where  they  had  been  placed  eighteen  inches  below,  the 
cf>uld  also  be  found  in  the  surface  layer.  Later  on,  in  the  winter, 
result)!  could  be  obtained,  but  in  the  spring,  he  moistened  the  pal 
withsterilir  IhiuIIIoii  in  very  dilute  condilion,  and  afterwards  sue 
in  obtaining  growtlis. 

This  is  not  in  disagn-ement  with  the  views  of  Germano,*  wlio  foo 
that  they  will  live  for  months  when  incompletely  dry  ;  but  aeooEdiog^ 
Flfigge,  Ihey  do  not  survive  complete  drying  longer  than  fifteen  S*} 
In  nir-ilricd  condition  they  appear  to  have  uninipiured  vitality  for  »t>B 
days,  according  to  Itnnvnlee,'  who  dried  and  sterilized  some  ordio 
soil  and  then  iiifectH  it  with  n  broth  culture  of  typhoid  and  kept : 
98'  F.  for  a  day.  It  tt'as  then  left  exposed  to  the  air  for  a  week,  du 
ing  which  time  it  became  drj'  enough  to  l>e  easily  scattered  by 
breath.     Cultures  from  this  gave  positive  results. 

•Munchpner  mniicininclip  Wochennchrift,  Mav  3,  18B9. 

'BrilUh  M<i(li.-nl  .If.iirnnl,  .l«n.  8,  IS98. 

'J'A'ilx.'lirKl  fur  Hvuit^u«  iind  InftfutiuiuknnkheilM),  XXIV.,  u.  MS. 

'1-ublIi^UoulUi,  Jiin.,  1899,  p.  ZT2. 
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But  it  will  be  remembered  that  air-dried  soil  baa  quite  sn  amount 
of  hygroscopic  water;  conseqiiwit ly  his  Imcilli  vn-rt  doiibtiijft.-*  fiiirly 
wx'll  siipjiliKl  with  ibe  neceeeary  moisture.  O?  more  iniportiiuce,  ap- 
parently, than  tbc  qUf»tioD  of  iiniintiire — fi)r  ull  siiils  possess  simie — ia 
llic  nature  of  the  coataioed  or^uic  matter.  Dr.  Sidney  Martin  '  has 
shown  that  unpolluted  (virgin) . 'toils  are  inimical  to  llie  typhoid  bacil- 
lus, reguxlleita  of  the  amount  of  their  contained  orgnnic  mutter  of 
vegetable  onpn,  while  ^[lecimens  oontaining  polluting  material  of  aai- 
tnal  origin  favor  its  existence. 

SueJi,  ailer  ateriliication,  were  planted  successfully,  and  it  was  learned 
that  in  the  presence  of  moiifture,  ditTerunci.'s  in  t<-niperatiire  hiul  hut 
Ultlc  infliionco.  Thus,  tlie  organism  thrived  about  equally  well  when 
specimeas  were  ki-pl  at  {iS°  ]■",,  .nl  ordinary  room  temperature,  and  as 
low  as  37°  F.  IJy  no  means  the  least  intere<-ting  observation  made 
wita  with  rc^rd  to  tJic  duration  of  viability  of  the  baoillns.  In  one  of 
the  sterilized  polluted  soils,  the  organism  was  xtill  active  at  the  cxpi- 
iMioD  of  456  dayrt ;  and  even  then,  aAer  thorough  drying  and  pulveri- 
sation, active  growth  could  be  obtained. 

The  ioflueooc  of  Other  s|W!cies  of  bacteria  has  not  yet  been  thoroughly 
etttdied.  Martin  has  thus  far  found  llnit  in  company  with  various 
bacteria,  amtm^  which  the  predominant  species  were  members  of  the 
bainlluB  coli  group,  tlic  typhoid  organism  wuld  be  recovered  after  fifty 
davs'  exposure  of  the  specimen  to  temperatures  ranging  lietween  37* 
and  61°  F. 

The  efiect  of  temperature  changes  duo  to  Uie  presence  of  animal  ex- 
creta mixed  with  tlie  soil  ia  shown  by  Gaertner'  to  be  eonsiderable. 
He  introduced  cultures  of  various  orgunismif  in  wire  boskets  into  the 
interior  of  cotnpont  hea)>s  of  various  composition,  which  bmame  heated 
to  quite  different  extents,  and  observi'<l  that  the  budlli  of  typhoid  nnd 
cbolem  were  the  least  resistant  of  all.  With  rapid  and  marked  heat- 
ing, their  life  was  short,  but  it  apgx-Jirs  pmbiihlc  that  in  the  abjience  of 
beat,  even  with  the  given  surroundings,  they  may  be  curried  through 
the  winter.  Under  the  ordinary  heating  that  oocurrcd  in  the  compost, 
these  two  organisms  wcri!  destroyed  in  a  week,  while  tlie  bacillus 
of  tulx'TCulosis  remained  virulent  a  number  of  montlis. 

Bat  aside  from  what  we  glean  from  scientific  research  with  the  spc- 
ciAe  orgnnism.s,  we  know  from  experience  that  there  are  nuiny  places 
with  polluted  soils  wliore  typhoid  fever  was  unknown  until  the  im]K)r- 
tatk>n  of  a  lungle  case  from  without,  and  that  afterwards  sporadic  cases, 
for  which  no  convincing  explanation  is  niforded,  have  occurred  at  vary- 
ing intervals'.  And  in  country  districts  whose  inhabitants  are  not  given 
to  traveling  much  l>eyond  the  confines  of  their  own  farm^,  it  is  fre- 
quently noticed  that  single  cases  occur  in  the  same  household  at  inter- 
vals of  a  year  or  longer. 

In  lhei<c  cases,  it  seems  hardly  reasonable  to  say  that  the  original 
case  has  Icfl  nothing  as  an  exciting  cause  for  Inter  attacks,  and  that 

'  Kcpcirt  tii  Locnl  Government  Bonn!  for  189S,  T.oiidan.  1809. 
■Znucfarift  ror  tljxipno  imd  InlvcciimiikRuikliL'iuri,  XXVlll.,  p.  1. 
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(rvsh  intnxluctiuuB  of  the  «pcf»lic  or^nism  tnu»l  have  ocourred : 
(IOIII6  uukno^vn  Anurc«,  for  it  is  not  unlikely  that  the  varie^  of 
tiona  thitt  nffV-ct  thv  viiibilily  of  the  orf^tni.tiu  may,  in  9om«  cm 
to  keep  it  alive,  and,  on  occfisions,  stimuluui  it  into  a  condition  i 
ilti^niciitcd  imlivitr. 

Oholera. — Oiuceming  the  relation  of  this  lUscosc  to  tJie  soil,  tlunl 
but   littlo  It)  he  nahl.     Prior  to  the  dinoovery  of  the  specific  or 
the  soil  thuory  of  the  ori}^n  of  q)id(;mic  outbreaks  liiid  ooaeid 
vogin^  but  iKiw  it  IB  known  that  even  in  times  of  greatest  prevaJeiml 
tlie  diwtwe  the  or(pini»m  hiw  nt'ver  tnfii  fniiiid  under  luitnral  eoiKlitioiH 
in  the  soil.     It  can  be  kept  alive  under  certain  favorable  condition  i 
moisture  und  iKsit  for  vBryin)r  |M>riod><,  but  under  natural  conditioiit] 
is  one  of  the  least  resistant  bacteria  and  quickly  dies.      We  bit*  I 
evidenee  wluitcver  tlmt  it  is  a  wil  disease. 

labonlc  Pla^e. — This  hiis  been  regarded  lu  ii  !>oiI  discoee,  and] 
been  bi-lieveil  from  the  fact,  thai  rats  have  been  conspicuous  M' 
tims  of  it  in  the  early  etii^w  of  it«  deviwtating  outbrenks,  that 
animals  have  awjiiired  the  infection  in  the  soil  and  have  brought  it  i 
to  the  surfsiee  and  thus  iietcxl  ti»  \t»  currier!*.     Hut  rats  are  nolorioosl 
frequenters  of  places  where  filth  of  all  kinds  can  accumulate,  and  itj 
not  strange  tlmt  where  tbey  and  filtli  abound,  lliey  become  di»eaMd,} 
the  infective  agent  is  present. 

The  tremendoiH  epidcniict  that  have   ra^d  within  the    past  fi 
years  have  prowuted  unusual  opportunities  for  OTtj:'nsive  study,  wl 
thus  for  has  n(liii"ded  no  evidence  whatever  that  the  disease  is 
borne.    It  husbecnshuwu,  on  the  iKHitrary,  tlial  I  he  plague  Iraoilluti 
not  long  aHr\'ive  in  the  soil.     Yokote, '  for  instance,  obtained  a  numli 
of  miei-  that  lmddie<lortbe  cIii«eHSi-,  iiiid  buried  them  in  garden  Hoilirtii| 
was  kept  well  moi^1ene<l.     At  short  intervals,  be  removed  them  tut 
sively  and  examined  them  culturally  and  byaoimal  experimentatio 

The  longest  iiitcrvid  between  interment  iin<l  proof  of  oontinnrd  viil 
lenoe  was  thirty  days,  and  it  was  shown  that  the  higher  the  temp 
t»n>  and  the  more  rapid  (he  docom{Hisition,  the  shorter  the  life  of 
organism.     The  soil  in  the  immediate  vicinity  of  the  animals  pro* 
to  be  free  of  the  haeilli. 

Diphtheria. —  .Mthough  there  is  no  proof  that  the  bacillus  of  Aif 
tberia  is  found  even  as  an  oceusional  lodger  in  the  soil,  there  is  a  ; 
erul  iigreeitU'Ht  tlmt  n  elose  connertion  exif^f^^  between  soil  d]ira|meMl 
the  previilencc  of  this  disease.      It  is  true  that  experiment   has  detOQ 
fitraied  the  viability  of  ilie  orgnnism  in  moist  soils  for  liniit<>(i  perio 
but  it  bus  never  been  found  in  soils  outside  of  tliose  in  which  it 
intentionally  deposited.     The  common  Iwlief  is  that  a  moist  soil  ta| 
iovarinble  ciineomitant  of  unusual  prevalence,  and  that  in  times  of  < 
panitivc  freedom  from  the  disease,  the  soil  is  dry  and  the  level  of  ' 
ground-water  low.     "  As  long  as  the  soil  is  well  washed  by  the 
t^Hs  high  tide  and  aAerwards  dried  and  ncnitcd  during  the  summer'*  1 
tide,  all  goes  well:  but  so  soon  as  these  salutary  muvemcnts  ure  ; 
iCi-ninitbtiitt  fiir  Boktcriologi*',  AbA.  I.,  XXIIl.,  p.  1090- 
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ortbcir  order  disturbed,  dipbllwria  prevails,  reaching  its  acme  of  preva- 
lence when  stagnation  at  n  relatively  liifrh  level  Ik  most  complete."  ' 

According  to  Dr.  8.  Kf.  Cupomun-  tlicre  appears  to  be  no  direct 
relation  between  epidemics  and  ririe  or  lall  oi'  tin-  gnnmd- water  "  pro- 
vided tltut  the  4triictiin-  and  ntmospliere  of  the  hoiiHt-s  lire  not  nffocU-d. 
Many  districts,  which,  usaally  dry,  are  liable  lo  occasional  floods,  are 
r«narkjd)ly  free  from  the  di:«.iwc.  m  tlial  it  appears  that  a  perniittcnt 
impregnation  of  the  soil  with  moi-iiurc  in  of  more  importance  than 
6iu-tii:kiionit  in  tli*'  hvighl  of  thv  gi-oimd-wutj-r,  [Mirticiihirly  if  tliese 
have  any  considemblc  range." 

Oppixed  to  tlie  viewi>  alrave  expre»M>d  are  the  oonchiaioiis  ba^ed  on 
a  tnuet  careful  and  extensive  invc^igution  by  Dr.  Arthur  Newxholme' 
of  epidemio<  of  diphtheria  in  all  civilixed  onuntriea  and  their  incident 
oondiliuns  of  rainfall  and  soil  iiioinitiirL-.  Dr.  Nvwsbolmo's  eminence 
as  a  skilful  interpreter  of  the  value  of  gtatistiea  and  the  fact  that  no 
such  cxhauittive  imguiry  into  thi^  tpicslion  has  ever  before  been  made, 
entitle  his  conolu^ons  to  more  than  ordinary  weight. 

Admittiii);  that  pergonal  Infcctinn  is  tlie  chief  lueaiiH  by  which  diph> 
tberia  is  spread  from  town  to  town  and  from  country  to  cotmtrr,  he 
sammarizefl  hiM  ohn-rx'ationR  on  the  relation  Iwtween  rainfall  and 
ground-water  and  the  rise  of  epidemic  diphtheria  as  follows  : 

1.  An  epidemic  of  diphtheria  never  originatc-i,  in  the  towns  and 
countries  in  winch  [  have  been  able  lo  collect  fuel«,  when  there  has 
been  a  series  of  year^  in  which  each  year's  rainfall  is  above  the  aver- 
age ftuount. 

3.  An  epidemic  of  diphtheria  never  originates  or  continues  in  a  wet 
TMT  (J.  e.,  n  year  in  which  the  total  annual  rainfall  is  nmterially  above 
tlic  avcrajic  ninount),  unless  this  wet  year  follows  on  two  or  more  dry 
years  imnitHlJuifly  preceding  it, 

3.  The  epidemics  of  diphtheria,  for  which  accurate  data  arc  avail* 
sble,  liave  all  originated  in  dry  years  (i.  c,  years  in  which  the  total 
ftonunl  minfitll  is  materinlly  below  the  average  amount). 

4.  The  greatest  and  most  extensive  epidemics  of  diphtheria  have 
occurred  when  (here  have  been  fonr  or  live  consecutive  <lry  yean*,  the 
epidemic  sometimes  starting  near  the  bcginniug  of  this  series,  at  other 
Iinie«  not  until  near  Ito  end. 

5.  Dry  years  imply  low  gmnnd-wnter,  and  we  find  therefore  in  the 
years  ofeindemic  dipbltieria  that  the  t,Tnund-wuter  is  exceptionally  low. 
The  vxact  variations  in  the  ground- wiiter  wJiicli  moat  favor  epidemic 
diphtheria  cannot,  mth  the  data  to  hand,  as  yet  be  stated  ;  but  it  is 
prolnble  tb.nt  when  thi^  i-n  cleared  up  it  will  betvimc  clear  why  in  cx- 
ceptionid  rears  which  have  u  dclicicnt  rainfall  epidemic  diphtheria  ie 
either  alisenl  or  but  Nltght. 

It  has  Ifet^n  oAcn  pointed  out  that  local  soil  conditions  causing 
dompnexs  nf  hahitation»  even  in  dry  years,  such  dampness  for  instance 
w  obtains  in  houses  built  over  wet  impervious  clays,  conduce  to  out- 

•SiilMir  ami  Firlli,  Tix«ti-i'  im  llvjfic'iic,  ISDfi,  p.  4ll3. 

■SlvTciuHm  snd  Murpliy,  Tniiliit'  on  I lyicic ikt,  Iftl2,  Vul.  I.,  p.  :)38. 

'The  OriKin  anil  Sproul  of  I'antlcmlc  Uiplithcrui,  LouUon,  1698. 
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hreak.'4of  dtplilheruiin  thedwellent  therein,  but,  as  is  well  known,  lucb 
ditmpmtui  acte  a«  it  very  important  tlepniwiiit  of  thv  vital  furcetiunl 
prepares  the  mucous  membranes  of  the  respirator^'  tract  for  the  fovo 
abk'  rcwptton  of  spt-cific  orf^nisms  of  vnrioiin  kind^. 

Malaria. — It   has  ever  been  held  that  tlie  most   intimnte  rail 
exists  U'lwwn  the  soil  ami  malnriu,  <«]»i,-ciiilly  prominent  in  dwi 
abounding  in  marsh  Uads.     It  bos  been  repeatedly  noticed  that 
malariouA  oonntrie,-<i  the  npttiming  and  excavation  of  wet  or  damp  i 
on;  cx>mmonly  fullownl  by  the  occurrcnci.-  of  the  dittciue  among 
laboren  ho  engaged. 

Infection  appvurs  to  be  es)M5cinny  common  after  sundown  aad 
night,  wherefore  dwellera  in  placea  where  the  disesse  is  rife  are 
I  joined  to  avoid  going  nbont  after  nightfall.  This  is  explained  by  ' 
assumption  that  the  poison,  resident  in  the  soil,  is  brought  Up  into  I 
atmoNpht'rt-  by  the  ^lil  nir  which  T\m^»  t4>ward  evening  by  rea«oa 
changes  in  density.  As  to  the  iuflueucc  of  tiie  rise  and  &1I  of 
level  of  the  ground-n-ater,  tlie  evidence  is  very  conflicting. 

Some  aiitlioritit'ti  find  that  it  plays  a  very  important  part,  some 
no  ennnection  whatever.     Some  of  those  who  reot^nize  the  coone 
awert  that  (he  diswiiw  incn-aws  a»  the  level  rises,  while  others,  noiabij 
I'odor,'  have  found  the  relation  to  be  exactly  reversed.     With 
absolutely  contradictory  conctiisiona  ba»ed  on  observations 
mostly  without  system  and  for  short  periods,  it  would  i«em  reasoaa 
to  regard  the  matter  an  an  open  question,  ^vith  the  chances  in  favor  i 
the  piwitiun  inken  by  tliose  who  deny  ull  couneclion  between  the 
ease  and  movenienta  of  the  water  in  the  gubaoil,  except  in  so  far  as 
movement  is  downwivnl  by  reason  of  soil  druinage,  whurcby  the 
face  layers  are  rendered  dry. 

With  regard  to  the  very  common  association  of  the  difteuM  md 
marshy  I'>ciilitics,  it  must  be  said  that  malaria  in  its  worst  forms  is  I 
no  means  uncommon  in  districts  that  are  not  to  be  clamed  as  wet,  ftii 
furthermore,  that  there  arc  many  and  extensive  marshes  in  this  connG 
and  elsewhere,  in  and  near  uhirh  the  disease  is  unknown.  Sandyi 
r('!«ling  on  wet  clay,  and  rocky  soils  in  which  connidonible  volumes 
water  are  held  in  tiMinrea  may  be  (|uite  as  malarious  as  the  average  mar 

The  asfuciatiun  of  malaria  with  marshes  and  other  wet  soils, ' 
fiict  that  breaking  into  and  excavating  wet  soils  lias  the  disease  aa 
common  consefinenoe,  tiic  danger  of  going  about  aft^r  siimlowo : 
especially  of  sleeping  out  of  doors  in  malarious  districts,  and  other  i 
parent  evidences  of  eaiisal  ivlation  of  the  soil  are  all  compatible 
the  old  theory  of  traiisferreticc  by  mosquitoes,  which  1ms  lately  ei 
the  attention  of  so  many  scientists. 

This  theory  w«j  origimdly  advanced  by  Linnteus,  and  later,  il 
pendently,  by  an  acute  and  accurate  observer  of  nature.  Dr.  Jo 
Crawford,  who  cMnic  to  this  country  n  little  mon>  than  a  c^-ntury  ; 
and  settled  in  Baltimore,  where,  in  1807,  he  published  an  article : 
which  the  connection  wa.s  sii^rested.     Al\er  an  interval  of  forty- 

'Thc  Origin  nnd  Sproil  nt  I'andrniio  DiphtJivTifl,  I^tnidon,  IS&S,  p.  100. 


vcan,  it  WAS  ngnin  put  forih  by  Dr.  Jottiali  XoLl,'  of  MoI>ile,  and  within 
ihe  past  few  vears,  the  rescarclies  of  MacCallnni,  Rt«s,  Mansoti,  Lav- 
rran,  Smilli,  (irawl,  Kcli'lli,  Btt^niuni,  Ba»lian«lli,  Miiltol,  and  others 
hax'e  demniis^t rated  its  truth. 

It  would  appear  tint  for  the  pixMliietton  of  malaria  Ihe  fimt  essential 
is  the  primary  parasite,  and  next,  the  conditions  fuvorahlv  to  tJic  hrtiid- 
tng  of  the  intermediate  host,  the  mns<)iiito,  from  which  the  then  poten- 
tial agent  is  transfcm.'d  to  man.  The  mtwitiito  hr«T<)«  in  istagnant 
wnter  and  in  puddles;  marshes  abound  in  sta^anl  water,  and  heavy 
w)il«.  newly  upturned  or  rxonvatiil,  alHXind  in  puddles. 

The  female,  already  infested  with  the  pamsitic  protozoa,  Inye  here  her 
eggs  and,  liavtng  fiilfillcil  thin  duty,  pi-rishes.  In  n,  nhort  time,  her  body 
is  devoured  by  her  progeny,  who  in  turn  become  carriers  of  the  pura- 
•  ile  in  tlieir  tir^t  flight,  or  beginning  life,  perhaps,  free  from  the  con- 
tamination, acquire  it  later,  or  not,  uceording  to  ci  re  urn  stances. 

But  if  the  soil  Iiave  no  direct  causal  relation,  how  can  one  explain 
the  supposed  influence  of  the  »oil  air  nt  night?  Very  dimply.  Ad- 
mitting that  infection  is  most  commonly  caused  at  night  or  al^er  sun- 
down, it  may  In-  adiUtl  that  It  i-t  at  the.sc  tinie.i  that  ni(wi|iiit(ies  are 
Dloet  active.  But,  again,  malarial  poison  is  said  to  be  coneontrat^^l  in 
tlie  lower  irtrala  of  Ihe  ainiosphere,  that  U  to  say,  not  many  feet  from 
Ihe  ground.     So,  indeed,  arc  moitquilocs. 

It  has  been  .stated  that  subsoil  drainage  has  converted  vast  tiacta  of 
malarious  country  into  siihibnons  farming  land  and  ailt-s  fur  flonnKh- 
ing  towns.  Here  tiie  ground-water  level  has  lieen  drawn  down  ;  how 
doM  this  aflwt  mus()iiitocs ?  By  draining  the  subsoil  wo  drain  the 
Guriaoe,  and  by  draining  the  surface  we  reduce  the  opportunities  for 
tno«quito  l)re<-ding.  MorcMiver,  the  noil  is  cicariil  ii]i,  Hctlli'd  and  cul- 
tivated, and  cultivation  is  incompatible  with  standing  puddles. 

Believers  in  the  hoil-malaria  th(^r>'  point  out  liutt  mosquitoes  arc 
much  more  widely  distributed  than  malaria,  and  ask  why  the  two  arc 
not  in  this  respect  in  greater  agreement.  If  it  could  be  added  that  the 
origtnid  parasite  is  ns  widely  dii^tribnlcd  as  the  mnsijuiio,  and  that  all 
\-arieties  of  mosquitoes  have  exactly  the  same  characteristics,  or  that 
there  is  but  one  spccieit,  the  question  wuuM  he  a  ditticniU  one.  But  we 
cannot  assert  that  the  parasite  is  so  widely  disseminated,  and  we  know 
Utat  different  kindtt  of  moMjuilotv  have  very  ditft-rent  cbaracteristlcs. 

We  liave  in  this  country  no  less  than  thirty  and  probably  many 
more  sp^-cit^  of  mnHquiloes,  representing  live  genera.  The  niant  nu- 
merous species  are  those  of  CuUx^  of  whioli  there  are  seventeen,  hut  it 
hflppenji  that  there  is  as  yet  but  scanty  evidence  that  any  species  of 
CWej-  carries  malaria,  and  it  is  the  belief  of  Kom  '  and  others  that  the 
daagerousi  mo-wfuitoes  are  confined  to  the  few  species  of  the  genus 
Anopluia,  While  tlK*c  are  much  le**  wmmori  than  Oilcx,  tlieir  dia- 
iribution  ia  in  very  close  agreement  with  that  of  malaria. 

■Kctr  Orlnuia  Mvitiosl  luid  Surgical  Jtiumnl.  18-18.  p.  303, 

'Tlic  PrinviiHil  IToDiwhcilfl  ln»cU  of  the  l.'niiod  t^Utn.  U.  S.  DnaiUiuflt  of 
ABfoulturv,  IHritrloii  uf  Ecitoiiii^l<iKy.     Rutleltn  Nu.  4.     NVw  .'^rlm.     Wiuliln^n, 

■BritU)  Medlml  Jniinul,  July  I.  I8S9. 
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In  Italy  the  attentioD  of  numerous  iiivesti}|;atora  is  ttrawn  wholl; 
the  Anophtia,  tliv  other  gt-ncra  Ijcinj;  re^rdvd  m  t  roubl««om« 
anDoyiD^r  pests. 

<irnA.ii,'  however,  lins  diitiiiiiiicmI  Ui»  Itelief  that  in  •ddition  to 
Atioplieles  two  of  the  numerous  epecics  of  Culex,  C.  pfniciBitru  ud  C 
malarite,  are  to  Ut-.  iiidii(l<.Hl  among  the  oarrierfi  of  the  psrasite. 

From  the  aocumulating  mass  of  cvitlonoo  that  the  mosquito  theorr 
of  traoamisHion  is  eorrect  the  l^iltowing  instaooes  m&y  be  cited.  Roes' 
reports  thnt  of  21  p(>raoni;  in  u  ciuiip  nrar  Ciilcutta,  17  who  ilept 
without  the  protection  of  nio^fjuito  netting  came  down  with  malarii, 
whilt?  till-  others  who  slrpt  uniJer  not*  escupeil,  Grassi's  experiena  ii 
equally  convincing  though  without  a  oontjol.  For  eight  consccotiw 
dny.t,  iinoont pan i I'll  by  a  fuinily  of  :<<.-vi-n,  he  lefl  liomo  each  day  ald.30 
in  the  ullenioon  and  went  to  !i  cottage  in  a  notorioii!ily  malarious  di^ 
trict  l>etw«m  l{onii>  and  Civilavwehia  where  they  passed  the  nights  n 
n  cottage  the  windows  of  which,  covered  with  |KTforatcd  zinc,  weit  left 
open  all  the  time.     Not  one  of  the  party  was  in  the  le-ast  affected. 

The  longer  exix'rimcnt  of  Siunlwn  and  Ijow  in  an  equally  malaiioM 
district  is  even  more  convincing.  They  spent  several  months,  indnd* 
ing  the  Hnmmer  of  IftOO,  with  malaria  riiging  all  about  tlw-m,  but 
were  themselves  not  affected.  They  took  no  dnigs  by  way  of  J**- 
phylaxiii,  and  went  aliont  freely  by  day,  but  kept  indoors  between  san^, 
«Ct  and  stiTiriKc  protected  by  nettings  an<l  screens. 

Fermi  and  Tonsini '  have  reported  a  noteworthy  instance  of  dimim- 
tion  in  the  iiniount  of  mularia  after  svfiteriiiitie  destniction  of  the  lame 
of  mosquitoes.  The  Island  of  Asinara,  inhabited  solely  by  oonvicU 
and  their  gnurdK,  bus  lieen  extenNively  ntllioted  with  malaria.  Hi* 
larvjc  of  different  species  of  mosquitoes  were  found  in  many  welb  nd 
horseponds  ami  wer<'  trentcd  with  kenisene  a  numherof  tirac«.  ScreoA 
were  phiwii  in  the  windows  and  doors  of  the  dormitories.  The  ieMll# 
were  most  satiefactoiy,  only  nine  eajies  of  malaria  occurring" during  tb*' 
year  against  nini'ty-ninc  in  the  yt^nr  precetling. 

The  moat  onvincing  proof  of  the  agency  of  mosquitoes  may  U 
said  to  be  the  oeenrrcncc  of  the  disease  in  a  non-nialiiriou:<  counUJ 
through  inoculation  by  mosquitoes  imported  from  another  where  O^ 
laiia  abounds.  Such  an  inittanoe  in  reported  by  Manson,'  wliosweoeF 
23  years  of  age,  was  bitten  in  London  on  three  different  days  bv  ii" 
fectcd  mosquitoes  brought  from  Italy.  Within  a  few  days  of  tta 
ihiril  inoculation,  the  chnnicteri-'tie  symptonii*  of  terliAD  malarial  f"tt 
appeared  and  the  parasites  were  fonnd  in  the  blood. 

The  assertion  that  in  .lava  theri-  are  iilaiv-f  where  malaria  uIkhid^ 
without  mosquitoes  has  been  investigitted  by  Koch,  who  found  thai  Of 
mosquitoes  were  everywhere  present  whore  malaria  prevailed.  Hi 
found  also  a  p\a<x  in   East  Africa  with  all  the  conditions  favorable  «> 

*  Riippnrti  trn  In  niatnrin  c  |<Ku1i»H  !n««(tl  (xaiiuroni  e  MDUre  paluRri).  II  PiA* 
clino.  (Vt.  I,  IBl'K,  y.  AW. 

'itriliiili  M«ilrcnl  Joiimnl,  Jiilr  22.  189D. 

'Zrirxcbrifi  (iir  IlT^firiK-  iinil  fntfeiiontilmnklivitmi,  XXX.,  p.  I>34. 
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iria  excepting  incHrjiiilocs  bat  with  no  ovidcnre  of  the  diiiiejiw.  In 
i_v  of  the  Ulnnils  uf  PolviMwtn,  wliore  iiiarsht's  urc  vcn-  cxtL-iisive  and 
all  muliiriul  i-oadttion-'i  are  present  at  their  maximiin]  with  the  excep- 
tion of  inowijiiiifH-*,  no  mnliirin  iw  known. 

Aside  fnim  the  actual  tRin§fen¥noe  of  the  parasite  hv  the  nioH^juito 
ill  the  pruovitii  of  stiiijpn):,  wi?  have  no  aci-iirato  kiiowloilKi'  of  the  niudit 
uf  infection,  but  it  is  regardeil  as  not  impo>><iihle  that  the  drinking  of 
water  contaminated  hy  iheM.-  iiiitect^  and  the  Inhahitioii  of  clni<t  from 
spots  where  iIk'  puddles  In  wliieh  they  Imvc  been  renred  have  dried  up 
may  have  a  part  in  the  dit^^enii  nation. 

Tetanus  and  Malignant  (Edema. — It  is  well  known  thnt  the 
oTganiAms  of  these  two  diseases  are  very  commonly  found  in  most 
garden  wii.*,  in  roiid  dust,  and  in  soil  in  general  which  hiis  been  en- 
riched hy  the  addition  of  dccom|nslng  organic  matter.  But  in  npite 
of  tli«  fiict  that  oi>iK>rtunity  for  infection  through  ahnwiouM,  cuts  n»d 
wounds  of  the  bauds,  feet  and  other  parts  is  a  matter  of  daily  occur- 
renee  with  a  lar^e  proportion  of  the  people,  these  disease!*  are  eorn[Mini- 
tively  uucomnioii.  They  arc  most  i-umnionly  noticed  in  caws  of  severe 
injurieii,  such  :is  compound  fractures,  and  iu  shattering  wounds  due  to 
explosive*. 

An  unusual  numlwr  of  cdbcs  of  tetanus  occurred  in  various  localities 
in  (his  country  foKowing  on  the  annual  ci-kbralioii  of  nntiuunl  inde- 
pendence in  ISH!).  In  Now  York  City  there  were  eleven  deaths  in  a 
single  day,  niid  in  I{o-4ton  no  \eni<  than  mx  on  the  same  date,  nil  follow- 
ing injurien  to  the  hand  due  to  cannon  crackers  made,  it  ia  claimed, 
with  nitro-glyoerin  or  ammonium  picrate  an  an  exph^ive,  combined 
with  oMinary  «irlh  or  »nnd  us  a  vehiclv. 

Anthrax. — The  bacillus  of  anthras  has  been  found  in  the  soil  of 
faMUnr«  in  whieJl  infecU*d  anininU  have  lyctin  couiiued,  and  it  was 
thought  nt  one  time  that  following  the  bur)-ing  of  animals  dead  nith  the 
di»eafle,  the  soil  could  be  thomughly  infected  through  spore  formation, 
the  spores  being  brought  up  to  the  surfaco  by  earthworms,  there  to  bo 
the  cau*"-  of  fre*h  infections.  This  view  is  now,  how.^ver,  regarded  as 
UDtenable  since  the  spores  are  nut  formed  within  tlio  putrefying  carcase, 
and  the  bacillus  itself  is  soon  destroyed  in  the  process  of  decomposition 
of  the  tiiisue^.  ThiH  when  a  body  is  bnried  the  organisms  are  soon  ren- 
dereil  incapable  of  reproduction  or  of  continuing  their  own  existence. 

The  theory  that  the  spores  are  brmight  up  to  tlie  surface  bj-  burrow- 
ing earthworms  was  demolished  by  Koch,'  whose  conclusions  were 
boAed  npon  direct  experiment,  and  was  abandoned  by  Pai^iteur  himsolf, 
who  first  suggei^lod  it  bcciui^  of  finding  spores  in  the  superficial  layer 
of  soil  at  a  sjiot  where,  two  year*  before,  a  cow,  dead  of  the  disease, 
had  Ihs'ii  bnrird  nl  a  deplh  of  over  two  ractcfB,  a  depth  not  ordinarily 
readied  by  earthworms  in  their  burrowing. 

Therefore,  it  »cem9  most  likely  thnl  fr<»h  outbreaks  among  cattle 
grazing  on  fields  where  others  have  died  and  have  been  buried  are  due 
not  to  the  buried  organisms,  but  to  those  which  in  one  way  or  an- 
otlicr,  from  the  blood  or  dijccta  of  former  crises,  have  been  deposited 
■  MilUivilunicen  >na  dem  tuiIiMTtiulien  GMtinillieiUamtc,  1881. 
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on  the  surfittv.     Wc  have  no  t-vidciice  wItaWver  that  mail  U  even  i 
casioually  directly  infected  with  the  disease  from  the  soil. 

Epidemic  DiarrhoBa ^Tlie  ^rmt  {)r(>viili-iic<;  nf  diarrhifal  dis 

espedally  anioug  very  yoiin^cIiiMren,  during  the  hotter  muDtlisof  t 
yvar  ha>«  long  engsgi^d  ihe  aiKuitioii  of  Kaiiiljirinn.'i  oa  a  (retncndoua  f 
tor  in  the  always  high  duith  rate  of  the  first  a^^  periods,  bat  i 
the  obmrvanee  of  a  lew  coineidenee:^,  no  connection  has  been  proved) 
exist  betnci'ii  it  niul  the  M>i1. 

Sarav  authoritios  have  ad\'aaeed  the  rather  safe  proposition  tfaatl 
unuaual  degnc  of  or^i^iDie  |M>IUitiri[i.  nut  n<ro<?s6ari)y  excrurnenUd,  pr 
ably  makes  a  soil  more  favorable  to  high  morbidity  and  mortality  I 
diarrliu-ji,  but  this  is  a  propocilioo  lliat  ia  ofri>red  with  oifiial  or  j^ 
security  in  tlie  case  of  any  infective  disease  the  causo  of  which  hai  i 
iiern  ai»urat<tly  dcmonstraled,   for  the  less  we  know  of  a  cause, ' 
greater  the  difficulty  of  refuting  (jratuttouM  Uu-oric^  oonoeming  it. 

It  has  been  noticed  that  the  upward  curve  of  the  disease  doeai 
begin  until  tlie  «)il  at  u  given  dcptli   bnif  attained  nomnrhere 
given  tem|>eniture,  and   from  this  is  inferretl  a  causal   relation, 
one  might  go  funlivr  ami  mMv  that  at  thin  somewhat  atl\-nnced 
of  the  warmer  season  certain  fruits  have  just  appeared  in  the  mark 
or  that  tlie  season  for  otheriii  ha^  gone  by,  or  that  certain  bird*  of 
air  liave  just  hatched  their  lirvt  broods,  and  then  with  equal  right  dill 
cover  causality  in  any  of  these  coincideneea. 

In  the  investigation  of  milk  «iip])lie«  in  single  ciwca  and  in 
of  cases  in  single  households  and  institutions,  various  very  virtilent  i 
gnnisms  linve  been   foumt,  including  t\\i'.  Inu-'lUnii  ftiteritidia  gpor 
and  this  ot^nnism  has  been  much  sought  for  in  the  soil. 

The  if-suita  obtained  by  Houston  '  are  thus  far  the  mo»t  indi< 
of  pownililc  implication  of  the  soil.  He  examined  twenty-one  samE 
of  soil  in  various  conditions  aa  to  organic  matter  and  found  that 
tive  r(t»iiltit  were  v<;ry  dcjK-ndfnt  upon  the  nature  uud  extent  of 
organic  pollutiou.  Seven  soils,  sue  of  which  were  virgin  »oils  eoBB 
ing  from  very  litlle  to  moderate  aniounti*  of  vegetable  matter,  and  ' 
seventh  from  an  nnmnuured  orchard,  gjive  absolutely  negative 
Three  supposedly  virgin  but  rich  in  vegetable  matter,  and  fourui 
uured  orchtinl  and  ganlcn  soils  gjtvo  very  slight  evidence  of  a 
character,  and  the  bahmce  consisting  of  one  from  an  orchard,  four  fn 
manured  gardens,  and  two  which  iiad  l)ccn  extcnsivcdy  polluted 
excrvmcntjil  matters,  yieldcl  the  spores  in  abundance. 

It  is  not  unlikely  that  the  infective  agent,  whatever  its  origiu,  > 
much  of  it»  dissemination  to  being  blown  about  in  the  dust  of  the  I 
and  on  this  point  Dr.  E.  W.  Ifope '  has  made  the  interesting  ol 
tiou   that  during  a  period  of  twenty  yeara  at  Liverpool,  the  hit 
death-rate  wciirred  in  Ihe  year  whose  summer  had  the  leant 
and  the  loxvest  in  that  in  which  the  eiummer   raiu    wax  greatMl  i 
amount;  and  that  the  fourteen  years  with  average  dry  anmnttfSri 
rJiioh  the  mean  June  to  September  rainfall  was  10.9  inches,  ave 

ion  of  T^i..*»l  tlunirDuiPol  Board  for  1898.     London,  18M 
ieUcallb,  Jul7,  18W. 
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iboQl  fifty  per  <h-uI.  more  mortnlitj  during  the  <{tiiirtcr  than  the  six 
treng«  wet  summprs  with  a  mean  minfall  of  i:t.8  inches  Cor  ihi*  cor- 
Mponding  pcriud. 

Tlie  cxplaniitkiii  oficred  ts  the  veiy  plaiiEible  on«  that  heavy  lOiowera 
mh  the  almcMiihere  and  the  acciiinulntionrt  of  (hint  urid  filth  in  the 
lttt<1»,iou  roofs  and  olKrwhcro,  and  thus  diminish  the  dust  supply. 

Bat  until  we  have  further  evideooe  of  connection,  baited  upon  actual 
i>Ti«tigBtion  and  not  »|Ktn  (^^jtijceture,  we  cannot  make  any  podtive  aa- 
Wtion  of  the  relation  of  the  soil  to  the  difecat*. 

Other  Diseases. — Tin*  \-nriou»  theories  eonMeeting  individtin]  con- 
Miturnls  of  the  soil  with  goitre  have  now  heen  well-nigh  universally 
^ibnxloaed,  »aoe  no  one  uf  thorn  ha.-<  lieen  found  to  hold  good  in  dif- 
nt  loralilit?  having  the  same  general  soil  chameteri sties.      Thus, 
!  inagnc.'iian  limestone  theory  whii'h  in  s<)me  (juarters  is  still  in  favor, 
cu  hanlly  stand  in  the  face  of  the  fact  that  iu  some  vast  tracts  of  such 
n,  as  in  parts  of  New  Zealand  for  instance,  the  disease  is  prac- 
Dy  unknown.     Similurly  the  metalltv  Hnl])liid<v(  «veHp<.'  ronvictiou, 
P  in  districts  where  they  abound  extensively  the  disease  may  be  altseut, 
1  is  other*  wher«  thi-y  are  unknown  it  may  prevail. 
Oraceming  yellow  fever  as  a  soil  disease  we  can  only  say  that  the 
ndenee  of  connection   is  purely  circum.itantial,  and  much  re»embli>« 
iKlvanceil  in  support  of  the  theory  as  to  iDaiaria.     Thv  same  di»- 
I  effects  of  e3ica\'ating  wet  soils  and  espeeially  those  in  which 
of  epidemics  lonj;  f^onc  by  huve  liiin   nndtifturbt^tl  for  mauy 
I  have  often  been  reported  in  a  very  general  way,  hut  one  may  ex- 
igwat  difficulty  in  attempting  to  locjite  wit ii  geographical  aoeuracy 
•-  Kene  of  many  of  the  most  interesting  and  striking  of  these  reported 
ugs.     While  it  may  bi-  iKisfiltle  that  the  .loil  may  ofler  the 
residence  within  itself  where  vitality  nmy  be  conserN'cd  and 
multiplication  favored — we  have  as  yet  no  evidence  bearing  on 

tbe  exdting  cause  shall  have  been  discovered  and  proved  ab< 
ly,  wv  *hall  lie  in  a  better  position  to  make  jxisltivc  statements 
its  habitat. 

the  tlieory  of  oanial  relation  between  distiirhanee  of  the  soil 

reaka  of  yellow  fever,  many  instuuecs  can  be  cited  in  which, 

ipan'nily  favorable  conditions,  the  occurrence  of  the  one  has 

(bllowvd  bytheother.     Thus,  in  ISill,  tin- (ilrcets  of  Jaekaon- 

Fla.,  and  of  Itrunswick,  Cm.,  were  dug  up  during  the  entire  sum- 

;  IB  1 809,  al  Mobile,  Ala.,  about  1 21>  mih's  of  ai]ueduct  and  sewers 

laid  daring  tbe  summer;  between  1H91.1  and  ItlHO  the  streets  of 

Orbun,  I.*.,  were  extensively  dug  up   in   the  course  of  public 

immeotB^sod  in  not  one  of  these  places  did  the  public  health  sp- 

lo  suffer  in  t.-oiise()ueuce  of  tlic  excavalioits.     On  the  contrary,  in 

Orleans  when  it  was  visited  in  1897  aud   1898  by  yellow  fever, 

part^  of  the  rity  uhen-  the  streets  were  dug  up  Imppcncd  to  be 

nlarly  frcv  from  the  diHcasv. 

«  in  ike  case  of  malaria,  tbe  soil  theory  is  giving  way  to  the  theory 
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of  traniuni^sion  by  moBquitoe^i.  The  ng«n«y  of  thsM  pcMs  id  sprend- 
ing  yellow  fevor  was  siiggwrtcd  oriKiually  by  Xoti '  in  1R48,  and 
Btudied  for  the  iirat  lime  by  Dr.  Chnrles  .1.  Fiiilay  of  Havarui  iu  1881. 
IjAtvIy,  tlic  subject  bus  bct'ii  takcM)  up  by  tbu  Mcdttul  Department  of 
ihe  TTiiited  Slates  Army,  Dr.  Walter  K«ed,  U.S.A.,'  Iia.s  reported 
ptwitivc  results  from  i-xpcrimonts  wjndiicli'il  by  bimst-lf  und  Dr«.  Car- 
rol), A^rainonte,  und  Ltizear  with  nioaquitoes  {C.  fnnciaius)  furoicihGd 
by  Dr.  Fiiilay.  Carmll  was  bitten  by  oik-  timt  bad  bittvii  a  atvcrc 
CBBe  of  yellow  fever  12  days  before,  a  mild  ease  'J  days  before,  a  severe 
4  days  Iw-f'on',  nod  n  nitld  «inc  "2  days  before.     Fi«ir  linyn  aflcr- 

trd,  be  took  to  bis  bed,  aod  on  the  following  (biy  it  was  denmn- 
stratod  that  he  hnd  the  diseoHe.  Another  peraon  wns  bitten  by  tlie 
same  Dio«(|iiit(i  nml  by  thrt'e  othere  that  hud  bitten  patlcntfi  with  Uie 
disease ;  in  seven  days  he  had  the  fever.  One  of  the  investigators 
(Dr.  Liu!i?iir)  wiw  bitti.'n  without  ri'j^iilt  by  an  inf(.'ctwl  mosquito  on 
August  UJtb,  mid  by  another,  a  stranger,  on  September  ISth.  Five 
dayit  Inter,  he  hn<l  a  chill ;  on  ihv  following  day,  the  diagnosis  of  yel- 
low fever  was  made.     In  one  week  from  the  onset,  he  died. 

Ill  Noveinlter,  lilOO,  nu  expcriincnl  station  wax  eiitnblishcd  nt  Co- 
lumbia Barriicks,  t'ltba,  under  tbc  direction  of  Dr.  Reed,'  who  reported 
on  Deoeniher  Ifitli  to  the  Sm-geon-fieneral  tJiiit  inneiilationti,  ntade  u[)oo 
Spunieh  immignuits  who  voliinti'cred  in  the  hope  of  iiecunng  immunity, 
had  been  succesafid  in  SO  ]>er  eont.  of  the  cases. 

With  regurfl  to  tbc  connirction  wbicli  may  cxi»t  between  tl»e  soil 
snd  dysenteiy,  sc&rlet  fever  and  other  diseases,  concerning  tlie  organ- 
itimi<  of  whii'li  we  an:  in  tlii-  djirk,  it  is  btst  to  admit  frnnkly  that  wi-  do 
iifA  know,  rather  than  to  make  general  slutements  based  on  ima^oinga. 

Our  actual  knowledge  of  the  relation  of  the  soil  tn  disL'a.se  amounts 
in  brief  to  this  ;  that  surface  dampness  is  favorable  to  the  develop- 
ment of  certain  diseases,  as  rheumatism,  neuralgias,  and  affections  of 
the  rrapiraloiy  traet ;  that  coneeniing  some  diseasej<  tlu-re  is  a  %vealth 
of  purely  circumstantial  evidence  of  connection  opposed  in  each  case 
to  evidence  to  the  eontrary  ;  that  the  soil  is  the  home  of  many  siw-cira 
of  organisms,  some  of  which  are  {mthogenic,  and  offers  under  certain 
Givorahle  conditions  an  at  Iciist  teiQ|>oniry  asylum  to  othi'is.  But  the 
prepondcrunco  of  evidence  thus  far  goes  to  show  that  under  normal 
oonditions  the  soil  is  more  likely  to  prove  hostile  than  hospitable  to 
most  of  the  infective  ngeiit«  with  which  we  are  well  aequiiinted. 

Examination  of  Soils. 

The  complete  ezaminalion  of  a  soil  includes  chemical,  physiosl.  and 
bacteriological  determinations,  but  ina.smuch  an  the  cliemical  analysts, 
beyond  the  estimation  of  water  and  orgjuiic  matter,  is  of  no  especial 
interest  to  the  sanitarian,  though  of  great  importance  to  the  ngricul- 
tural  chemist,  we  will,  with  the  exceptions  noted,  confine  ourselves  to 
tlie  prooeaaes  involved  in  the  physical  and  bacteriological  te.its, 

'I*ullic  Honlili.  .liilv,  \sm. 

■Pliilmlftpliiu  M<^lK'nl  Journal,  OcL  ZT,  1900. 

*II>idciii.  Dec  -ii,  1900. 
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In  Inking  samples,  a  plnceshonUI  iK-solcctoJ  whidi  fnirly  n.-pr<MH.'iit< 
U>e  tooalil}-,  aud  iindcr  some  oircunieitaDn^  a  Dumber  of  apecuneDa 
most  be  obtaiacd.  These  infty  or  may  not  bi;  tnixi-d  IO)<^'tlivr  and 
treated  as  one.  About  two  pounds  of  the  soil  may  be  broken  up  by 
b«ing  pa(»fd  lliroiij^h  u  coarsi:  siovc,  th«n  spread  out  and  Ivtl  for  one 
or  several  days  exposed  to  the  air,  and  to  Uiat  extent  dried.  To  de- 
t«n»tiif  the  n.-Uitivc  proportioo  of  the  gmiim  of  different  size!*,  a  weighed 
amount  of  tiie  sample  is  now  passed  througli  a  series  of  sieves  of  vary- 
ii^  emttvn<»!!,  made  of  me1»l  nr  poroi-laiii  with  circuhir  open  spaces, 
■wbidi  in  each  sieve  are  of  uniform  diameter. 

Those  ui^  by  the  German  scienltNtA  have  o|)enings  respectively 
i,    1,   2,   4,  and  7   mm.   in  dinmcter,  by  nicuns  of  which   a  speci- 
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men  is  «eparuli'd  into  grains  of  \cse  than  j^,  from  j  to  1,  from  I  to  2, 
from  2  to  4,  from  4  to  7,  and  over  7  mm.  in  tliameler.  Other  sized 
opening!*  may  lio  a^,  but  thi-w  fulfil  idl  rcipiircmcnts.  The  i-iH-f  inicn 
is  passed  first  through  the  coarsest  of  the  set  and  then,  in  order,  down 
to  the  finest.  If  die  parlJoli'!^  adhere  firmly,  the  separation  i.-*  best  done 
with  the  assistsncc  of  wat4.'r,  and  should  it  be  ucocssary,  a  pe»lle  covered 
at  the  working  end  with  rubber  may  also  he  employed.  The  .^^eparate 
parts  are  tb4!n  drie<l  and  wci^^hed,  and  their  respc-ctive  amounts  cx- 
preaaed  in  percentages  of  the  whole. 

The  finest  particles,  thnt  !«,  thowf  of  less  than  j^  mm.,  nmy  be  still 
further  separated  by  the  process  of  washing  in  an  elutriating  apparatus, 
of  which  there  are  several  kind.i|,  none  of  which,  however,  give  rc.-tults 
that  are  more  than  approximately  accurate,  since  so  many  di&ereat 
19 
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forces  and  randition»  come  into  play  to  influenoe  the  praeeea.    Wii 
8om«,  the  sepunition  U  cScch-d  by  cuusing  the  partidcs  to  settle  > 
ward  through  a  voltime  of  water,  the  beavici>t  odcb  reaching  (the 
ically,  but  not  wholly  in  pmctice)  tlio  bottom  first,  and  the  ligbb 
settling  out  laat  or  remainiug  a  long  time  in  eUEpension. 

An  itpp»rutui(  of  this  sort  is  (^howii  in   Kig.  IS,  which  retfuinsi 
esplanation.     Another,  kuowo  as  Knop'8  silt  cylinder,  is  shorn ' 
Hg.  I!>.     This  h  n  cylinder  oarr^'iiig  lateral  tnbest  fitte<l  vrilh 
cocks,   situated   at   equal   diEtuncee  (10  cm.)  apart.     The  sample : 
ptaocd  in  the  cylinder  whicli  itt  then  filled  with  water  aiid  well  fiha 
After  a  given  time  lh«  upper  stopcock  is  opened  and  llic  water  . 
it  drawn  off.     Then  after  the  lapse  of  another  interval,  the  secniid  k 
opened,  and  next,  in  the  Hiune  way,  tlie  third. 

The  proee-ss  is  repeated  until  the  wsBh  water  oomes  away  clear,  tixftJ 
the  lowest  ,tul»e  i»  op<^ncd,  atid  tlic  rest  of  the  wfttcr  nbo%'«  tlie  remiia'^, 
ing  material  drawn  oS.  The  different  portions  may  then  be  oollcctai,! 
dried,  and  weighed,  and  their  relative  proportions  expre!«4(^  as  beforij 
in  percentages.  Or  the  residue  may  be  dried  and  wiHgbcd  and  tt»j 
balance  I'stiinutetl  by  difference. 

By  another  method,  tlic  washing  is  carried  out  by  means  of  in  up 
ward  flow  of  water  in  a  conical  vesael  at  the  bottom  of  which  i 
sample  is  placed.     The  water,  dolivcrod  through  a  tube  rawkiflgl 
near  the  bottom  of  the  vessel,  carries  the  lighter  finer  particles  up«M 
and  out  through  the  exit  tube  niyir  the  ^t^\^.     Such  an  nppunitus,  knoirti  J 
as  Schultz's,  is  Bhown  in  Fig.  20. 

Pore-volume. — The  pore-volume  is 
termined  very  simply  by  adding  to  a  voId 
of  water  in  a  graduated  cylinder  a  knoi 
volume  of  soil  in  the  dry  state,  sjuI  Dol- 
ing the  height  to  which  the  water  ri* 
If,  for  instance,  to  a  liter  jar  contain 
water  up  to  the  500-cc.  mark,  wc 
600  CO.  of  dried  soil  in  as  nearly  as 
sible  its  natural  state  of  compactD^s, 
observe  that  the  level  of  the  water  is  inooB 
sequence;  raised  to  the  >^-')0-<x.  mark,  it 
lows  that  the  increase,  .'i'lO  oe.,  represents th 
aetiial  bulk  of  the  soil  grains,  and  that 
difference  between  this  and  the  volume  < 
pied  originally  by  the  sample  (500  cc.),1 
is  to  say,  150  cc.,  represents  the  amouati 
interstitial  apace  tilled  with  air.  Then 
500  cc,  of  soil  contains  loO  cc.  of  air  Bf 
it  follows  that  the  pore-volume  of 
sample  is  i  in  the  equation  500 :  l| 
::  100  :x,  or  30  [ler  cent. 
In  order  to  approximate  more  closely  the  nntunil  coudition  of  ' 
pwitDras,  the  sample  may  be  taken  from  the  soil  by  means  of  a  i 
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at-T  wilh  ft  ciitling  ^S^-  ''  '*  '^"'"  «ln«<l  id  order  to  expel  the 
taioed  water,  wliich  oth^nme  would  coiiBtitutc  a  soiiroe  of"  error, 
1  is  then  luUifil  to  (In-  xviiler  in  the  liter  jar  iw  Ijcforc. 
tarmeabili^  to  Air. — Pcrmealjility  to  air  may  be  deterrainpd  by 
Bnf;  ini-ft:^iin-<I  voluiiM^  of  air  iiiuli>r  cotisitniif  preN^nra  throtigb  a 
inder  clo^lr  packed  witli  the  samplo.  aod  noting  the  amoiinl  vi  liich 
during  any  given  unit  of  tltnc^.     In  making  vonipurison 
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[b(tv(VD  (lifTGTvnt  soils,  the  (amc  conditions  muat  be  obaetved  in 
'  cue ;  that  is  to  tay,  tin:  length  of  the  oolumn  of  mil  in  the 
•T.  tbo  prM8iirf  employed  and  the  unit  of  time. 
«iU  fbrther  rondilion  wbii-li  must  be  obwrvcd,  but  which  is 
only  dUn-gnnlwl,  is  the  tempi-mturc  of  the  air,  for,  as  is  the 
ith  liqaide,  the  viscosity  of  gases  varies  with  chungco  in  tcm- 
e,  though  not  in  the  same  diwction.     The  viacowty  of  liquid* 
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in  laeteAafid  with  diniinished  t«ri))t«raturc,  wh«r«as  in  tlio  coec  of  pa»| 
tile  reverse  U  true.     Di:<rL'giinl  of  this  fact  leads  to  important  <lrgtea| 
of  error.     The  apparatus  for  this  determination,  :ili(m-n  in  Fi^'.  'i\,\ 
<»nipri«c(t  H  giw-boldcr  (^A),  a  gus-mcter  (B)  ami  a  cylinder  (C) 
vidin  with  a  manometer  {JJ).     For  the  purpose  of  kei^)tng  the  Mil  n 
piKsitton,  tigiitly  nttitig  iKirfoniU-d  disra  (E  and  /■')  of  metallic 
an?  introduced  into  the  cylinder  at  both  ends  of  the  column  of  wil. 

In  lliv  [in^iaration  of  tho  i-ylindiT,  tlii.-  diw;  F  i»  firet  introdu 
and  then  the  eoil  is  added  a  little  at  a  time,  and  made  as  oomnMti 
]KW!<ihU'-  by  striking  the  lower  end  of  tlie  cylinder  downwaiu  vridil 
reasonable  force  against  the  tablt?.  When  the  dceired  lejigth  of  oJ- 
iiinn  hn»  been  reachtxl,  the  ditto  K  is  introdiiitfd,  lM-twc).-n  wliidii 
the  inlet  end  ('7)nn  air  M]Htw  i^  Icftof  liutTicicut  size  toensare  unifbm'l 
pressure  againat  the  entire  surface  of  the  dise.  The  inhit  end  i,*d(B«i| 
by  means  of  a  lightly  fittiuj*  nibbor  stopper  with  two  perforatioiv,  one j 
of  which  carries  the  inlet  tube  from  the  gas-meter,  and  tlie  oilier  ttt] 
niauyiiiet«r  iiidiciitin)^  the  pri-jtsiiro  cinployt-d. 

The  preiseure  is  obtained  by  means  of  a  column  of  wat^r  commoni-] 
eating  with  the  chamljcr  of  th«  gn:t-hold«r,  which  is  eoniK-ctcti  brtj 
rubber  tube  with  the  inlet  of  tlie  meter ;  and  it  is  regulated  by  a  scrtvl 
piiK'hcock  on  the  outlet  tube  of  tht;  latter.  The  foree  is  m^ilied, lie] 
reading  of  the  meter  is  noted,  ami  at  the  expiration  of  the  unitoftim^l 
one,  five  or  whatever  number  of  minutes  it  may  be,  the  reading  oft 
meter  is  again  tjilteii. 

Permeability  to  Water.— The  jwrmeability  of  a  soil  to  water  iij 
expressed  in  l^riiis  imlioating  the  amount  of  water  which  will 
from  above  downwiuxls  through  a  column  of  saturated  soil  duringl 
given  unit  of  time  under  a  given  pressure.     The  ajipurattis  for 
determination,  shown  in  Fig.  '22,  consists  of  a  metallic  cylindcr{i 
with  a  perforated  or  gaune  bottom  oo  which  the  sample  of  sofli 
closely  ]>iiel(i'd,  and  another  cylinder  (/f),  likewise  of  metal,  pnffU 
■with  a  number  of  outlet  tubes  (c)  at   regular  intervals,  prefei 
of  live  or  ten  cm.     The  lower  end  of  B  fits  lightly  into  the  uj 
end  of   A,  tnid   the  joint  is   made  impervious  to   water  by 
of  adhesive  plattter,  sealing-wax  or  other  suitable  material.     Tbei 
within  the  lower  cylinder  is  kept  in  place,  and  its  surface  kept  Inl 
by  means  of  a  BUperimpo&cd  disc  of  gauze  or  eoar.*e  cloth.     The  i 
tuWs,  provided  with  eorks,  serve  to  nuiiutatn  a  constant  level 
therefore,  a  coni^lant  pressure  of  water  as  desired.     \\'»ter  is  admiU 
in  a  oonstant  stream  to  the  cylinder  through  its  upper  end  h\ 
of  a  ruljlKT  tube  conticeteil  with  a  water  faucet. 

If  it  be  desired  to  employ  (he  highe-st  pretiiture  obtainable  will 
apparatus,  all  the  corkg  of  the  outlet  tubes,  except  the  upper  < 
kept  in  place.  In  this  case,  the  pressure  would  be  expre3se<l 
distance  Iwlween  the  top  of  tlie  soil  under  investigation  and  the  upp 
most  outlet  tlirniigh  wliieh  the  exci'ss  of  water  from  the  faueet  »• 
■*  -  by  way  of  a  rubl>er  tube  leading  to  a  sink.     Simili 

■od  pressure  may  be  employed  by  removing  the  i 
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BmgpontlEn^  nutirt,  which  thus  bt^-omes  the  affluent.  ^Iiat- 
beigbt  maintaiDed,  it  b  necessary  to  keep  the  di;livt'ry  tnd  of 
tube  below  the  surface  of  Ihc  w«lfr. 
[mccss  tfi  u  follows :  HaWog  cboeea  the  pressure  and  adjiiMed 
Re  tabe  to  the  proper  outlet,  the  water  i«  allowed  to  run  in  and 
wfty  down  through  the  soil  until  the  latter  becomes  saturated. 
rto  insure  complete  eutliiration  it  tm  l)e.''t,  howi-vcr,  to  immerse 
crlindrr  in  order  that  all  the  air  may  be  thereby  displaced  up- 
AVhen  this  haa  been  accomplidied  and  water  begins  to  run  or 
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jlf^aniiu  Tor  imilitanllin  ef  pfnpnbUKy  of  toll  Id  irUer. 

Imagh  the  f^uw-  bottom,  the  time  is  noted,  and  the  discharged 
■  received  in  a  suitable  graduate.  At  the  expiration  of  the  unit 
t,  the  latter  i»  removed  and  itt*  contentH  mciwiiri:-d.  The  experi- 
■ay  be  repeated  as  often  us  may  KH*ni  advisable,  and  the  ellect* 
yitif  prewures  may  he  also  determioed. 

ier  Oapacity. — The  jwwi-r  to  hold  water  is  dtteriiiiiieil  by 
of  a  nirtallic  cylinder  of  known  capacity  with  a  gauite  bottom, 
rweigbed,  then' filled  with  the  dried  sample  and  again  weighed. 
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The  soil  is  aoxl  complt^tely  Maturated  by  icumeraion  of  the  oyliader  in 
wut«r,  and  then  it  iit  allowod  to  drniti  as  long  ax  uiy  water  ooniiniics  to 
esoape.  When  thp  wnti-r  coa.^ci  tn  drain  avray,  the  cylinder  is  wiped 
dry  outyidc,  and  tlu-  weight  of  the  whok-  is  iigntii  tnkcti.  Thv  iinTi-ase 
in  weight  U  the  amount  of  water  retained,  and  it  may  he  stated  in 
perccnlit^  of  tlio  poriv volume  which  mii»t  have  l»cen  previously 
determined. 

Capillarity. — The  height  to  which  wator  will  ri«^  iii  a  coluran  of 
soil  by  eapilhiry  attnictiou  ia  determined  by  packing  ihe  liatnple  tightly 
into  a  ^'r.Kliiiiii^d  glas^  lubi-,  the  lower  open  end  of  which  in  cover«) 
with  course  linen  tied  securely  on  so  as  not  to  slip.  Thi-  tube  le  !tiip- 
jmrted  with  it»  clolh-oovercd  end  rioting  in  a  shallow  dish  filled  with 
wat«r,  which  is  kept  at  constant  level.  The  height  lo  which  tli«  water 
riaeii  through  the  ooluinn  of  soil  ix  noted  from  time  to  time,  until  ascent 
ceiim'8.  The  change  in  the  color  of  the  soil,  due  to  wetting,  in<licat«8 
the  progre.-is  of  the  action. 

Moisture. — The  nmouut  of  moisture  iu  a  soil  is  moi^l  accurately  de- 
termined by  taking  a  Hample  in  its  natural  condition  by  means  of  a 
bnL«.t  cylinder  with  a  cutting  edge,  weighing  n  |»unIon  of  it,  and  then 
drying  it  in  »  hot-air  hath  at   10o°  C.  until  it  ceases  to  lose  weight. 

le  iliflTerence  hetweeu  tlie  uriginitl  and  final  weighings  representi  the 

lount  of  wuti^r  in  the  given  weight  of  soil.  If  it  is  desired  to  know 
the  amount  of  water  wliieh  tlie  same  :*oil  will  ab.'^orh  from  a  saturated 
atniOHpheiX!,  the  thoroughly  dry  sample  rniy  next  be  plncod  with  a 
dish  of  water  under  a  liell-gla&t.  The  confined  air  will  become  sato- 
rat«d  with  nqiieuii:;  va[>ur  in  a  short  time,  niid  this  will  Iw  ab^orlidd  hy 
the  soil  up  to  the  limit  of  itj*  eajmcity  which  is  shown  when  its  weight 
no  longer  eonliniicn  to  incii^tse. 

Tlie  hygroscopic  moisture  of  a  soil  may  be  roughly  determined  by 
air-drying  a  sample  and  then  biking  it  known  weight  of  it  and  heatiug 
It  in  iin  nir-batli  iit  105°  C;  or  by  cxjiosing  it  to  a  dry  iitinosphcre  in 
a  bell-glass  containing  an  open  dish  of  .-strong  Kulphuric  acid,  until  it 
ceasi-.i  ti)  !ii»c  wi'iglit. 

Organic  and  Volatile  Matters. — Since  it  is  imitoesible  to  deter- 
mine, by  ordinary  processes  tlie  exact  amount  uf  organic  niall«r  pnsMcnt 
in  any  soil,  it  is  necea.^ry  to  designate  the  diminution  in  weight  which 
ooouni  on  i^uhjecting  n  ^iiniph-  to  miicJi  a  heat  an  will  burn  off  the  organic 
matter,  and  which  represents  other  losses  than  the  latter,  as  "  Iobs  on 
ignition  "  or  "  organic  and  other  volatile  matt<T."  For  ihU  determina- 
tion, tiie  soil  which  was  used  for  the  estimation  of  moiifttire,  or  another 
sample,  thoroughly  dried,  may  be  placed  in  a  platinum  dish  and  heated 
over  u  [{un^cn  tlaine  at  no  higher  tcmpcraliire  than  is  sufiictent  to  keep 
the  dish  at  a  dull  red  heat. 

When  all  llic  wrgiinic  matter  has  been  destroyed,  the  residue  i«  al- 
lowed to  cool,  and  is  then  moistened  with  a  little  satunitod  solution  of 
carI)onat«  of  ammonium  in  order  to  rt^Core  the  carbonic  add  that  l>e- 
longs  to  the  inorganic  constituents,  then  dried  and  gently  ignited  to 
expel  the  exceaa  of  ammonia,  and  fimilly  weighed.     The  Ios.4  represents 
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oi]^Dic  mattor,  ammonium  siilu,  nitral««,  wat^r  of  cry stattiza Lion,  etc. 
Determmation  of  00,  in  Soil  Air. — Tlii.>  aiinly^tis  nf  nuil  uir  i« 
oonduvlctl  upon  the  Baiiic  principles  as  that  of  ordinary  nir,  but  tlifl 
method  em])loyed  iit  uecc'Murily  dificrciit  »o  far  im  the  olitaining  and 
handling  of  the  tuunplv  arc  conoenied.  Tli«  reagents  ara  the  eiimo  as 
rMinireclin  the  nnalyitio  of  atniot^phenc  air;  t\if-  apparatus,  hnwevor,  is 
qtiitv  iliUV-rput.  It  cousikIs  of  a  number  of  twctions  of  wuttT-pipc 
with  screw  joints,  one  having  a  jmiutol  fnoi  above  whioh  are  a  number 
o(  pcrfuiultuns  within  a  limited  area,  an  absorption  tube  in  which  the 
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Ewrium  hydrate  solution  iit  held  and  through  wbiob  the  otr  is  drawn, 
and  an  aepiratur.     (See  Fig.  23.) 

Tlie  MHJlion  with  theiminledend  iadriveninto  th<>j>oiI,and  theplpeis 
1rcgllK'tii-<l  by  tile  addtlion  of  till.- other  sections  so  thntany  desired  depth 
maybe  reached,  and  iliua  theair  of  any  stratum  may  be  withdrawn.  Ita 
up[»cr  extremity  is  coiinuctcd  by  n  rubber  tube  with  the  inlet  lube  of 
the  abaor{>tion  apparatus,  which  latter  may  be  a  plain  gla^fi  tube  about 
ail  inch  in  diauietcr  with  n  l>cnd  of  almiit  130  dcgn-(«  near  one  end. 
Itetter,  however,  is  the  apparatus  shown  in  the  illustratiun.  Here  tlto 
short  Ugof  the  bent  tube  i^  a  lurgu  bulb,  and  the  long  It^  is  a  seriee 


1 


206 


TBB  SOIL. 


of  small  bulba  tbe  comronnicationii  between  which  are  of  Btcall  diam^l 
ter.  In  either  cnitc  tht-  inlet  tube  piutice  through  a  tightly  iilliiigl 
rubber  stopper  and  extends  to  a  point  just  beyond  the  bend.  Tlui 
other  end  of  Uii."  iipinrutiii*  in  vonnvcU'i\  \'y  nieunit  of  a  niblier  labtl 
with  tlif.-  iiilet  of  the  aspirator.  Any  form  of  aspirator  tnny  beuMd,] 
but  preferably  one  ol'  «  cnpactly  of  alxiiit  Iwenly  liters.  A 
amount  of  tlie  dilute  solution  of  barium  hydrate,  sufficient  to  < 
the  greater  part  of  the  long  \c^,  is  ininHluced  into  tbe  absorption  ap 
paratus,  iiud  the  conncctionH  throughout  arc  tci-tcd  to  prove  ihi- 
sence  of  leaks.  Wh<-M  the  outlet  eock  of  the  aspirator  is  opened,  th 
e8ca]>e  of  the  contained  water  creiit^'S  a  piirtiul  vueiiuui  whicli  is 
lieved  by  auction  of  air  from  the  soil  and  through  the  whole  apparaU 
As  the  air  omorgts  from  llie  inlet  tube  of  the  absorjilioa  apparatus,  i 
piiases  upward  in  the  form  of  bubbles  through  the  reagent,  to  which 
gives  up  it*  wntent  of  CXJ,.  The  reason  for  jircferring  the  bu" 
tube  is  that  each  bubble  of  air  in  its  passage  from  one  bulb  to 
noxf  above  ]»  necessarily  brought  into  more  intimate  and  proloa 
contact  with  the  reagent  than  is  the  case  when  the  plain  bent  tul«  'm 
employed,  for  hiTr  tlie  air  bubbles  pa-t!*  quickly  along  the  upper  inn 
surface  of  the  tube  and  are  not  so  exposed  to  the  reagent  as  to  lose  i 
the  eontuined  (.■(>,.  I' or  thia  reason,  it  is  necessary  to  draw  the 
through  a  second  and,  perhaps,  a  series  of  such  tubes,  but  one  bull 
tul)e  as  pictured  above  is  suffieient. 

The  wiiter  from  tlic  aspinit<)r  is  carefully  measured,  and  U»  amo 
indicates  the  volume  of  air  that  has  been  sucked  up  out  of  the  swi  i 
take  its  place.     When  the  desired  amount  ha.4  been  acted  upon,  i 
stopcock  of  the  aspirator  is  closed,  and  tlic  reagcut  in  the  abeor 
tube  is  tran.^ferred  quickly  to  a  glass-sloppered  bottle  of  suitable  gia 
From  this  ])oint  out  the  determiuation  is  the  same  Kt  described  in  ^ 
chapter  on  air. 

Bacteriological  Ezamination  of  Soil. 

The  bacteriological  esamination  of  the  soil  require*  ueccvurilyl 
iotiinate  acquaintance  with  bacteriological  technique,  a  subject  Wycpni 
■the  Mope  of  this  work.  U  may  Ik-  stated  briefly  tliat  many  i>f  the 
organisms  that  inhabit  the  soil  may  be  isohitetl  by  adding  small  per- 
tion^  of  the  itifted  .'<ample  to  liqueHed  gelatin  and  then  plating,  or  hf 
sprinkluig  over  the  surface  of  n  nutrient  medium,  or  by  shaking  «ill> 
distilled  water  and  transferring  thence  to  the  proper  media. 

The  many  anaerobic  forms  require,  of  course,  the  special  trealmn* 
of  their  class,  and  some  of  them  may  be  grown  on  ordinary*  cnhuf< 
media ;  but  niniiy  of  the  saprophytes,  notably  the  nitrilj-itig  orgaiiisBi»> 
eannot  be  isolated  by  the  ordinary  methods.  For  the  details  involvfi 
in  the  sejianilion  and  ideniilirntion  of  the  numerous  varietjw  of  8^  | 
organisms,  the  reader  is  referred  to  the  standard  works  on  baeterioloj^. 


CHAPTER    IV. 
WATER. 

Ansoi.cTELY  pure  water,  timt  h,  the  eiibstnnco  compoFcd  wlioH 
hydrogen  and  oxygen  and  represented  by  tlie  symbol  11^0,  is  never 
found  in  nuture,  and  is  n«ver  seen  except  in  email  umount«  as  a  labora- 
tory curiosity.  In  the  broad  sense,  however,  the  word  piire  as  applied 
to  wiiter  wnvtvB  the  itli-ii  o(  frtcdotn  from  hnrmfiil  ingrcilierits  nud  of 
whuleeomeoefifi  and  suitability  for  drinking  and  for  the  preparatiou  of 
food.  In  nature  ull  wiitt-r  contains  more  or  less  of  gnsenus  and  solid 
Bobetances  In  solution  and  suspension,  and  so  long  as  these  are  not 
prcetent  in  such  amounts  an  to  afTcct  the  (jiialily  injuriously,  and  eo 
long  ua  they  are  not  intrineicully  dangerous  to  health,  the  adjective  iii 
ootnmonly  held  to  he  appropriate. 

But  in  the  seniw  that  purity  involves  the  limitation  of  the  ftmount 
of  contained  sulMtanceH  of  a  harmle-iA  nature,  it  becomes  a  difficult 
question  when?  to  draw  the  line  wlierc  water  ecnees  to  Ik'  pure,  and 
what  term  to  apply  as  an  antonym.  In  the  sense  that  it  involves 
[Complete  iibitcntN.'  of  mutters  intringirtdly  daugemiiM,  the  line  can  be 
sharply  drawn,  and  water  which  fails  to  satisfy  the  requirements  of 
the  t^rm  may  ho  designated  indifferently  as  impure,  jwlluted,  or  con- 
tain inated. 

In  the  clasflic  re[)ort8  of  the  State  Board  of  Health  of  Massacbu- 
BCtts  on  public  water  supplici:,  waters  are  clusscd  us  "  normal "  or 
"  polluted  "  according  as  lliey  are  or  are  not  free  from  direct  or  indi- 
rect pollution  by  the  waste  proiltictii  of  human  life  and  industry. 
Under  this  classifieation  it  follows  naturally  that  normal  waters  must 
vary  very  widely  in  ap]".'nrnnce,  wimpusilion  and  p-ncral  eharnctet, 
and  that  a  normal  water  is  not  necessarily  suitable  for  drinking, 
although  incapable  of  musing  speeitic  disea.te.  'Die  nature  and 
amount  of  the  dissolved  matters  cannot  but  have  considerable  influ- 
ence in  modifying  the  pro|>erties  and  t-fiectj*  of  a  water. 

Watere  arc  elossiiied  according  to  soiiree  as  follows: 

1.  Rain  and  snow. 

2.  S«rfac»- water.     {River?!,  (wnds,  basins,  etc.) 

3.  Ground-water.     (Also  known  as  subsoil  water.) 

4.  Artetiian  or  deep  wcll-wau-r. 


RAIN. 

Kain  ia  the  original  source  of  all  natural  waters  of  whate\'er  class. 
It  nsults  from  oondeuaation  of  tlie  aqueiina  vajwr  of  the  atmosphere, 
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uihI  in  tt«  descent  to  tlic  iiirtli  it  takim  up  gaseous  and  stutpi'tidiKl  lust- 
ters  fmni  the  atmosjihepc,  wliioh  tn  tliat  i^xtent  beoomea  tberelty  puri- 
fied. Iti  tlii>  u|)cn  ouiinlry,  aAvr  tho  itir  has  Ihi'd  wniJipd  for  u  while, 
the  collected  ruin  is  very  clean  and  in,  in  fart,  the  purest  fonn  of  nat- 
ural water.  If  itn  fall  \a  lu'coiiipauioil  liy  ninil  from  dusty  localities, 
it  cannot  be  obluined  in  so  clean  a  condilion  within  so  short  a  tiiiu.-,  on 
aecouut  of  the  (rrtalt-r  aTiKiniit  of  Mi8;K'iiilcd  iDiittent  to  be  wacihed  dowu. 
ISear  the  sea,  it  coiitain!=  more  or  less  salt ;  and  In  cities  and  Itu^  towns, 
it  may  havo  a  slightly  acid  rwiction. 

In  its  piissit^'  ilowitvranl  through  the  atoioKphero,  it  ab«orh«  consid- 
erable air,  iir  iimrn  properly,  con.iiitiiPiits  of  air,  that  is,  oxygen,  nitro- 
gen, uarhon  dioxide,  and  animoniu  compounds.  Since  cndi  giw  lin*  its 
own  coefficient  of  solubility  in  water,  and  as  air  is  a  misturo  and  not 
a  chcmicfti  nnion  of  gases,  it  follows  that  water  will  absorb  the  oon- 
Btituents  of  air  aepurately  and  according  to  their  respective  sulubiliticB. 
So  it  happciL)  thnt  the  ulmorbud  air  has  a  very  different  com)i>iRition 
from  that  of  atmospheric  air,  l)eing  much  richer  in  oxygen  and  poorer 
in  nitrogen,  iU  oxygen  content  being  35  lufltend  of  21  per  cent.  On 
reaching  the  earth,  some  uf  the  rain  is  evaporated,  some  sinks  into 
the  soil,  and  some  ruu.t  away  over  the  surface  to  streams  or  other  bodies 
of  water. 

The  amount  that  sinks  into  the  soil  depends  upon  the  permeability 
of  the  latter  to  water.  Thus,  a  sandy  or  gravelly  soil  will  take  up 
more  of  the  rainfall  thiin  a  dose-grained  clay.  The  amount  which  is 
retunied  tii  the  attiiO!«[»hor>'  by  eviiponitioii  i.->  .lurprisingly  large.  It 
has  been  reckoned  by  Balton  that  in  tlie  whole  of  England  and  Wales, 
about  (iO  jier  cent,  of  the  total  anuuul  rainfall  is  lost  by  evaporation. 
In  the  waterslietl  of  the  Rhine,  the  loss  is  reckoned  at  ■'iO  |)er  cent.; 
in  that  of  the  Rhone,  at  4^ ;  of  the  Rane,  at  67,  and  of  the  Garonne, 
at  35. 

BURFAGE-WATEaS. 

Surfac4>-watera  arc  collectiona  of  water  running  along  or  stored  upon 
the  earth's  surface  in  enntai-L  with  Uie  atmosphere.  Under  this  head 
ore  iiicliKlcd  rivers  and  smaller  streams,  ponds,  lake»,  and  iiiijiouniling 
basins.  They  vary  according  to  the  different  characters  of  the  areas 
which  tJivy  have  drained  or  passed  through,  or  in  which  they  are 
stored.  Thus,  a  \*'  j  n'hich  has  flowed  over  a  rocky  soil  is  more 
likely  to  b(!  free  fi  .n  organic  impurity  than  one  that  has  flowed  over 
loamy  soi  or  has  stood  in  swamps  ;  and  one  that  has  flowed  through 
sandstone  bottuniA  is  more  likely  to  contain  mineral  impurities  than 
one  tlint  has  flowed  down  over  the  virgin  soil  of  a  forest. 

Snrfaoe-water  means  something  more  than  the  rain  of  tlie  district 
plus  the  impurities  of  whnlever  ehnracter,  urgiinic  and  mineral,  whicll 
it  lias  collected.  Kivers  and  lakes,  for  example,  are  made  up  of  rain 
that  haw  run  over  the  surface  of  the  ground,  dinsolving  in  its  coune 
amoll  amounts  of  easily  soluble  matters,  and  of  water  that  lias  cume  up 
from  the  aoU  below  through  Mpring.1,  or  tliat  has  trickled  in  from  the 
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rJi^cra  of  tbe  (Mil ;  and  tlivMO  Utter  oontributv  iniitt«ra  which  may  * 
^»«ry  widely  JilTeruiit  chanictcr  from  those  obtainaUo  along  the 
e,  acoording  to  the  geolo^cal  diamcLer  of  the  soil  Etratu  tlint  Iiav© 
I  actoJ  upon. 
[AriTCT  may  take  its  origin  in  a  npring  nnd  connift  forHoinv  time  of 
•wmter  alone,  but  uaualiy  it  is  not  Iud^  before  it  receives  acccft- 
I  of  sar&ioe-water  and  soon  accjiiirf-.-*  the  characl<>ristii^s  of  the  latter, 
tin,  KHne  lakex  and  pimlx  nrv  fi-il  iiliuost  wiiolly  by  springs  at  their 
and  sides,  but  even  so,  their  waters  soon  change  in  character 
1  acquire  the  \'arioiut  forms  ofaiimttin  life. 
'  Sorfacowalcn  may  oontain  much  or  little  or  no  organic  matter,  ac- 
to  ciroDiiistanoeH.  They  may  Ixf  colored  or  colorlcifs ;  thi'y 
tf  be  rich  or  poor  in  mineral  suhstaaccH.  Tho^c  whidi  come  largely 
fiwi  the  ground  will  naturally  poaAeait  largely  the  oharact*>risti&4  of 
pcniBd-iiratwr,  and  those  free  from  ucvesniuns  from  this  source  will  more 
nariy  approximate  the  character  of  rain.  The  quality  of  surface- 
tikn  i*  iiif!u<.'nced  by  the  neajMin*,  by  droiiglit  and  rainfall,  by  vege- 
Wiaa,  by  rate  of  loovement,  and  by  other  oouditions. 


OROtraD-WATERS. 

Ground-water  is  that  which  penetrates  tJic  soil,  sinks  to  various 
ieptki,  acvordiog  to  the  nature  of  the  soil,  and  accumulates  on  some 
torlcM  im[>vrviou8  slnituni.  It  is  not  exposed  to  light  and  the 
sphere  like  amface-wster. 
It  varies  widely  in  character  acconliiig  to  the  nature  of  the  xoil  over 
Rhirh  it  has  once  flowed  and  throiigli  which  it  has  percolated.  It 
tn  witi)  more  or  leas  air  and  CO,  in  solution,  and  comes  in  contact 
I  tbe  eoil  air  in  the  interstices,  wnicli  is  much  richer  tliao  atmos- 
rie  air  in  this  gas.  With  the  assistance  of  the  CX^,  which  it  has 
u^l,  and  Ituti  which  it  fiirlhcr  ncquirt^  in  the  interstices,  it  dis- 
lives  various  mineral  constituent*  of  the  soil. 
That  which  ]>enetrat<>4  very  deeply  hut  iL«  itnlvent  power  iiicreas<-d 
wt  iwrtased  temperature  and  pressure.  As  it  enters  the  soil,  it  brings 
vilb  it  whatever  organic  matters  it  may  have  disaolvod  out  of  the  sur- 
layen,  and  in  its  descent  it  may  lose  them  entirely  through  the 
.  of  the  saprophytic  hai:teria  of  the  soil,  or  it  may  nci^uire  still 
if  the  toil  Ih-  polluted  and  so  permeable  as  to  permit  nipid  putt- 
downward.  It  passes  slowly  or  rapidly  through  the  interstices 
'  it  reaches  an  impvrnienble  stratum  over  which  it  aecumulatea, 
Itlie  intersticcfi  completely. 

'  toil  at  (his  |>oint  is  naid  to  he  saturated,  and  the  ujijwr  limit 

fMnntton  is  known  as  the  ground-water  level,  or  water  table.     Be- 

this  and  the  surlace,  the  water  is  in  contact  with   the  air  of 

I  intriDtioes.  and  is  known  ns  capillary  moisture.     The  wafer  table 

by  no  ntean.'4  necessarily  horizontal,  but  follows  in  a  general  way  the 

Dor  of  the  snrfaec  of  the  «>il,  mid  often  it  is  much  more  irregular, 

by  r«a9oa  of  local  geological  conditions,  even  quite  difTereot  from 
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vhnt  tl>c  8tirfii(«  forntnlioii  would  indicate.  TIu»,  at  one  point  b  i 
level  stretch  of  country,  the  table  may  be  quite  near  the  surface,  ind 
at  anolhcr,  n  .«horL  di:<iance  nway,  it  inay  be  niiidi  more  deejtlyi 
atcti,  uwiu^  to  abrupt  changte  of  level  of  the  impermeable  Btntan. 

Irn-j^iilnrity  of  the  siiriace  of  tlie  water  table  i>>  lai^ly  due  also  \a\ 
tbe  ruiufall,  which,  comiug  nt  frctpicnt  intervals,  falls  upon  suriJtctti 
differing  |>ermcal>ilily,  so  that  while  one  part  is  still  draining  its 
downward,  nnotlier  has  comideU'd  the  procew  and  ia  r(-a<ly  for  more. ' 
When  drought  occurs,  however,  the  level  beoomes  more  and  mote  iini* 
form  until  it  inny  become  ({uito  hnrixontal.  With  return  of  rainfall, ' 
tlie  level  rises,  and  irregularity  of  the  surEacc  of  the  water  table  ii  i 
again  produced.  The  level  at  any  jwint  is  also  influenctHl  by  tJuj 
^amount  of  water  tvitbdrawn  from  the  enil  by  the  demands  made  iipcm 
wells^  Wlien  the  amount  of  percolation  is  exceeded  by  the  aruouniofi 
withdruwEd  the  level  falls  ;  when  the  cunditious  are  reversed  the  level , 
rises. 

The  water  table  in  it»  irregular  course  touches  tlie  surface  of  tb  | 
ground  here  and  there,  and  gives  rise  to  springs  which  may  flow  the  i 
year  round  regardlesiii  of  drought,  or  may  dry  up  completely  with  fcU  | 
of  the  level.     Similarly,  all  permanent  ponds  are  outcroppings  of  tbt 
water  table,  and  the  beds  of  all  rivers  as  well,  but  the  level  of  the  taUt 
in  the  near  vieiiiily  is  almost  iiivariiibly  higher  than  the  surface  of 
these  bodies.      Sometimes,  liowever,  tlie  water  level  is  so  near  the  sot- I 
face  that  without  emerging  in  the  form  of  springs  it  extends  in  a  hrosJ 
sheet  just  at  or  below  it  and  causes  marshy  conditions.     In  Fig.  M] 
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the  manner  in  which  the  water  table  eropa  out  in  springs  and  fie^l 
lakes  and  othi-r  IxmMi's  of  water  is  shown. 

By  some,  the  water  table  is  spoken  of  as  an  underground  rivcf,*l 
term  which  is  very  misleading  iu  that  it  suggests  a  body  of  wstwj 
rather  than  a  condition  of  saturation  of  the  soil.     There  are,  to  bese 
in  some  localities,  especially  in  tinu'^lone  district!<,  bodies  of  w.iter  ' 
ing  iK'twcen  im|K-riiieah1c  strata,  and  instances  are  known  of  dis 
Dearancc  of  streams  into  fissures  of  rocks  and  emergence  at  a  dist 
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lltfwiKTf,  hul  lh«*f  itlrt^ni^  npo  rnvt  u  part  of  the  «ut«r  table  as  geii- 
aally  uoHerslood  and  may  not  properly  be  clafisod  as  gnmnd-wuior. 

lo  suwt  caM«  and  exocpt  wlu-re  tliv  water  lira  in  tk-ep  depressions 
HBpcikets  witb  DO  side  outl(>1«,  tlie  cround-wster  is  in  constant  latci-;il 
BiiHi  in  the  direction  of  the  ontfali,  and  lhi>(  ]g  votnmonly  tlic  ncaroHt 
Bb  body  of  WHlvr,  citbcr  u  Iiikp,  or  u  river,  or  tlie  sea.  In  its  onward 
^pie  over  an  irru^iilar  impervious  iitratnm,  the  niovemi^iit  i^  nt  tiiiiee 
bdlocd  upwards  and  ul  times  dovruwards,  but  «ver  in  the  same  gon- 
ml  direction  laterally. 

TlicnUe  of  muvL-niunt  u  dvt<-niiinnl  by  u  number  of  influencca, 
Ihm^  which  the  most  effective  are  the  degree  of  permeability,  the  in- 
diution,  and  the  Uininn-lric  pressure.  The  d(-gn.'e  of  pernR-ability, 
jfa^tiident  upon  the  coarBeneea  of  the  soil  nartielee,  is  of  very  great 
'hfortsnM-,  the  more  rapid  flow  occnrrin)r  tJkrougli  thi!  itoilnof  ei^nwr 
Ikxtin.  The  tnclinatton,  or  in  other  words,  the  influence  of  contour 
iopniiDciting  the  aasistance  of  gravity,  has  a  very  decided  effect. 

IV  bitrumelriu  pressure  affects  the  nitc  of  movement  through  its 
(Acts  on  tlie  air  in  (he  interatioea  above  the  water  level.  While  this 
ur  is  iiMrIf  in  cuuetHot  movvnieiit,  it  cuunol  move  quickly  bcuiuse  of 
^  great  amount  of  friction  created.  Lessened  pressure  al»ove  the 
Borad  euae»  the  ^)il  nir  to  ex|uind,  and  ug,  Uiih  nix^ur^,  the  tendency 
jBlloD^  the  Hiiee  of  least  resistance,  namely,  upwards  and,  under  cer- 
I tlhoondition.s  laterally,  so  tliat  the  water  in  the  int«r$tice!<  is  ansiMed 
ihiltfluir.  But  the  influence  of  diminished  barometric  pn-ssure  is 
Ul  iliuoFst  ai  once  at  the  outfalls,  because  of  leiMeoed  hack  pressure  on 
ibtiraltr.  This  influence  nmy  be  nietiaiirwi  by  noting  t)ic  fliictuu- 
iMwin  the  water  levels  in  wells  which  rise  as  the  barometer  falls, 
'ml&lla*  it  rises.  Thus,  ri-sistnnot-  is  removed  at  tlie  oiitfiill  and 
•HDadcntly  the  water  is  being  puiilied  along  by  the  expansive  force  of 
iKiirio  the  ioterntic^s.  With  increased  barometric  pressure  tlicse 
'••JitioQS  are  rc\'crsed  and  the  flow  becomes  less  nipid. 

Ihc  tate  of  movement  being  tto  dejx'iideut  ujmu  load  conditiou.4,  it 
wlm  that  it  must  vary  widely  in  different  soils.     In  sonic  place  it 
tslow  as  to  be  almost  unmeasurable ;  iu  others  it  is  extremely  rapid  ; 
w>  within  a  restricted  are«  it  may  be  exciHsiingly  variable  nt 
nt  points.    At  Budapest,  for  example,  Fodor '  determined  tlic  rate 
FmotMaent  at  five  diffetx;nt  point*  to  bo  »■'>,  12.'>,  l'.)!l,  209,  and  210 
tiidly.     The  average  of  these  figures,  ItiT.G,  represents  unusuntly 
I  flow.     At  Munich,  the  daily  rate  of  How  toward  the  Isar  has  been 
by  Pcttenkofer  nt  a  trifle  over  1  o  feet. 


Fbyncal  and  Chemical  Gharacteristica  of  Water. 

^t  tiu\  standard  liaromelric  pi%s.«ure,  7l)0  mm,  or  21). 022  inches, 
boiUal  }W*  C.  or  212"  F.     Witli  lower  prcssuns  it  boils  ut 
andingly  lower  t«tmf>erat«res ;  ou  very  high  land,  for  example, 
I  at  such  low  temperatures  that  meat  and  vegetables  cannot  be 
■  BMkn  und  Wiaw.    Bnuuwlek,  1883. 
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]irop<>rly  ciuiltwl  in  i(.     Evii]>orntion  occiira  ot  all  t^'tiipenit 
below  the  freezing  point. 

WnUT  \mn  it^  niaxiinum  dfitititv  at  4°  C,  above  and  Itelon-  ^ich 
|>oint  it  expands.  At  O*'  C.  it  fre«».-s,aDd  in  doi[^$oitrxp!iDd!<l'>t}ie 
pxtcnt  nf  almut  !<  per  cent,  of  its  volume  niid  thii»  ar^uires  a  <<pecifir 
pruvity  less  than  llint  of  iiufrowii  water,  in  nbieli,  tbcrefi>rc,  it  flnii. 
As  the  surface  free/x-s.  it  gives  out  heat  to  the  hiyer  iniiucdiatety  bem;iili 
ftud  iht-reby  aiu«eff  a  ri.-tun]ution  of  the  proc***.  As  lhi»  layer  be- 
comes cooled,  the  ice  formation  ooDtiuues  and  thus  the  pvwiii  n 
ttiicknc^^  of  the  ioc  <^ori;r  pn>r«-(-<U  down»iinl,  I19  «]M^ifi<-  h<at  ie 
high  and  is  taken  as  the  (Standard  of  comparison.  As  a  conductor  of  i 
heal  it  8taiid»  very  low. 

Water  is  the  most  universal  solvent  known,  there  being  but  ft-wnub- 
»tAncc»  whiclt  are  not  acted  tipon  by  it  to  -tome  extent.     It  takes  up] 
all  known  gasc«,  and  its  solvent  power  for  them  is  greater  nccurdingi 
the  tcni]>eniriire  is  ()«pre.t»ed  and  the  pressure  increased.     lu  the 
of  sulstaiices  olher  than  gascK,  with  few  exwptton.s  its  solvent  power i 
increased  wilh  increasi-d  temperature. 

Appearance. — Pure  water  i»  ch-fir,  and  in  proportion  a*  it  rantiia 
dissolved  air  and  earlionic  acid,  is  bright  and  sparkling.  Bnllian 
of  a|iiicarniK-i.'  is,  however,  liy  no  meJin:*  eonelusive  evidence  of  pur 
some  extensively  contaminated  waters  showing  remarkable  brii^btlie 
Turbtdily  of  wutvr  i.t  <Iiie  to  orgnnie  and  mineral  matters  in  susp 
sion  ;  tlie  organic  matters  may  be  ordinary  dead  vcgvlublo  and  nnin 
subHtancc^  or  mieroncropic  living  planti<  and  animals. 

Some  public  supplies  derived  from  river*  an-  di.*linotly   iiiiuitly  in] 
appearance.     The  clight  degrees  of  turbidity  desiguute^l  ns  iTii/Kitfal 
ana  oimitjnrtice  arc  commonly  due  to  very  minute  clay  partiiU^  whichi 
may  remain  in  auaj»onMOn  for  long  periods  of  time,  even  wlii.-ii  ih 
x'esi<i'l  eontaining  the  water  is  allowed  to  stand  undislurbe<I,     Sefl 
matters  also  may  give  these  same  appcaninces.     Turbidity  due  loi 
may  b«  n-adily  reniovod  by  the  addilion  of  various  substances,  as  lin 
alum,  and  sulphuric  acid,  whicb  cause  the  particles  to  agglnlinntfi 
settle  out.     \Vater  whioh  is  apjmrently  clear  when  viewed  in  an  1 
nary  glass  vessel  may  be  seen  to  have  lieeided  turbidity  wIh-ii  vie 
through  a  depth  of  a  foot  or  two  against  a  pure  white  snrfac*. 

Some  gronnil-wnttrM  which  are  quit*!  clear  when  drawn  may  acqdi 
n  turbid  up|H'arance  on  standing,  due  to  the  presence  of  compouadiK 
iron  which  undergo  changes  in   character  and  beconie  precipit 
In  sucli  cases,  the  turbitiity   is  aceompiuiied  by  ihc  development 
color,  which,  however,  disappears  on  the  completion  of  the  proecai* 
oxidation  of  the  iron  compouiidtf  and  their  wpanit  ion  by  si.'ilimen()| 

Oolor. — Water  may  have  color  or  not,  acconiing  to  circui 
Surface-waters  may  derive  it  from  contact  with  graascs,  leave:*, 
matters  in  general,  and  jwat,  the  degree  of  oolor  (x-ing  depemlent  iqn 
the  length  of  limo  of  contact  and  uiwn  the  character  of  llic  sit» 
stances.    Different  kinds  of  leave*,  forcxampio,  impart  different  si 
■•iids  of  color,  but  not  always  to  the  extent  that  their  up 
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woold  indicate.  The  dark  colored  dried  icave-i  of  the  oak,  fiir 
nubUHv,  mi);[it  be  expectwl  to  vield  a  niiirli  dfirkcr  infiisiou  than  the 
msch  lighter  colored  leavee  of  the  mii|ile,  but  such  is  Dot  the  cai^e,  as 
■•V  \k  rwiJily  [irovi^n  hy  exiieriiin-nt ;  and  thnse  of  the  hiiltcmiit  pive 
•  mlor  that  is  surprieinKly  li^ht  in  omjiarisoD.  Lung  contact  with 
■niDp  ve};etatK>a  causes  a  d«ep  reddish  browu  oolnr  whioh  iit  oneti 
tuy  stable  on  long  keeping.  Not  nil  ^nrfnuswaters,  however,  are 
iBpised  to  color- im part iog  flulelanoes,  and  waters  of  thia  cla-ti^  may 
IboaiCc  frvc  from  color. 

Groaod-waters  of  good  quality  are  ordinarily  colorless  or  appear  to 
Ine,  when  viewed  through  considerable  depths  a}rainr>t  it  white  i^iirface, 
tiaai  bluish  or  greenish  blue  tinge.  Hometimcs  they  contain  iron 
tai  omnio  matter  in  conibinnlion  and  have  in  conttequenoe  a  browniHh 
JbH  vnich,  by  reason  of  very  eIow  oxidation,  may  pcn-ist  for  a  long 
Ime.  Color  derived  otbcrwiftc  than  from  contact  with  vegetable  lual- 
'.tff  is  osually  socompanicd  by  mori>  or  less  turbidity.  Abocnoo  of 
is  not  a  sign  of  purity,  for  polluted  waters  may  be  quite  free 
ii;  t»ir  is  it»  prncncc  an  indication  of  unfltncNt  for  (h^nii.-«tio  ui^e. 
. — The  dissolved  carbonic  aci<l  in  water  tends  to  give  it  a 
ly  acid  reaction,  but  nio^t  ]>olabIe  watera  are  very  faintly  alkaline 
icate  indicators,  owing  to  minute  amounts  of  alkaline  cJirbonates. 
waters,  eapecially  in  tlH>  vicinity  of  cities  and  large  towns,  are 
lly  elighlly  acid  on  aocountof  impurities  of  the  atmoeplicre,  aris- 
)ni  comb  nation.  Peaty  waters  alao  are  slightly  acid  on  account 
ic  acids  prtHlnccl  by  tlie  action  of  tiic  pcciiliur  bacteria  existing 
River  waters  in  mining  dbtricts  often  contain  considerable 
its  of  free  miiM-nl  acids. 
'. — Pure  water  lias  no  odor,  but  good  surf  ace- waters  containing 
ing  Riall'-rx  liavi-  more  or  Uvu  odor,  which  i.t  eajK-ciiilly  marked  on 
It  is  generally  suggestive  of  vegetable  matter,  and  may  be 
ly  cliaraetiiijEed  as  graM<y,  ]>eaty,  etc.,  according  to  the  iuiprci^- 
prodticed.  Such  odors  may  persist  even  on  long  boiling,  while 
doe  to  dbsolved  gases  will  disappear  quickly  on  heating.  Many 
ise  good  surface-waters  arc  particularly  jironc  to  the  develop- 
of  disagreeable  odors  attributable  to  minute  living  orgauisniH. 
•ubjiTt  has  Ix-en  very  CJCteiiKively  studied  by  Mr.  CJory  N. 
DB, '  whose  report  is  extensively  quoted  ns  authoritative.  To  the 
Igcneral  claxte*  of  •xinrn  formerly  aistingiiisln-d,  tho;<e  prmUiccd  by 
oce  of  the  living  animal  or  phint,  and  those  produced  during 
[KMition  or  decay,  he  adds  a  third  ;  namely,  odors  producMja 
t^ralton.  He  states  that  the  disi^ecab  e  odor  which  sud- 
developfl  in  a  water  normally  od-  bh  "  is  usually  found  to  be 
some  one  or  more  spi-oii.s  of  mi^-nwcopiwil  orcsinisins,  and  aj)- 
ly,  it  njav  result  (I )  from  the  excretion  of  certain  body  products, 
tMD  tin?  liberatioa  of  certain  internal  .lulMtanocs,  or  (3)  from  the 
decomposition  of  their  dead  bmliea." 
3  wat^r,  free  fmin  organism*  aiid  odors,  suddenly  develops  a 

'Blptner  Um  8m«  Boant  oT  IlfallU  of  MaKochiuctM  for  1S92,  p.  3U. 
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peculiar  odor,  and  if  microscopical  fxamination  sliows  that  only  oo 
orgaiiinm  Ls  prcieat,  we  may  infer  that  the  odor  is  due  to  that  or 
ism.     If  thi.-  samu  mlor  occurs  nguin  in  piTliaps  some  diflV-rcnt  «uppln 
and  if  the  same  or^aui&m  is  present,  we  liave  corroborative  evideocij 
of  our  infcn-ncc.     The  more  instnncvs  timt  wt:  have  of  this  coniximii 
ance  of  specific  organisms  and  certain  odors,  the  more  sure  we  an  < 
their  rclution  at  cau*ie  and  efteol.     The  further  ]iroof  of  this  rdatia 
ship  comes  when,  in  filtering  out  these  organisms  and  in  transferrii 
tlu^in  to  pure,  oi:lorIe.'<H  water,  Uiey  imjiart  to  that  water  the  chu 
istio  odor." 

Proceeding  on  these  line«)  he  succeeded  in  demonstrating  the ; 
ticular  organisms  cooncctcti  with  the  development  of  particular) 
which  are  c]a<isified  aa  vegetable,  sweetish,  aromatic,  grassy,  mo 
fishy,  disagreeable,  ofTcnsive,  musty,  and  earthy,  according  to  tlieii 
pression    conveyed.      Odors   suggesting   straw,   peat,   or  swamp 
grouped  as  nydafite ;    those  suggesting  a  cellar  or  vault  ta 
those  peculiar  to  water  contamiuutvd  by  sewagu  as  nttuiy.    "  The  i 
termed  'HKiujrf/^ahh  is  nstially  associated  with  waters  in  which  thwel 
a  coLsidcrablc  decumpositiou  of  vegetable  matter.     Offtni^rf  is  used! 
designate  the  odors  of  water  in  which  there  is  a  considerable  an 
of  dccompusitiuR  of  nnimnl  matter;  and  the  t«rm  ttnjtlftuatd  a 
for  waters  in  which  tliero  is  a  large  amount  of  either  vegetable  or  i 
mal  rnnlter,  yet  without  decomposition. 

"  The  term  jnusy  is  vmployoci  to  describe  a  certain  odor  observed  B 
wat«rt  which  oontain  great  ([uanuiies  of  live  vegetable  matter. 
Bcnsation  which  it  excites  nvembles  tliat  ani^iiig  from  freshly  cut  | 
Tim  fijihi/  odor  is  usually  very  distinct,  and  suggestive  of  the 
It  may  remind  one  of  salt  marshes,  of  seaweed,  of  fish,  or  even  of] 
moss,  but  it  invariably  suggests  eomething  connected    with  tl» 
Still  another  group  of  odors  is  denoted  by  tlie  term  aromatic,  tbei 
familiar  cximiptc  of  winch  is  the  frngraut  odor  which  baa  been  < 
geranium  because  of  its  stn>ng  resemblance  to  the  odor  of  that  ]_ 

Ot  1,40-t  samples  examined,  SHi,  or  about  26  per  cent.,  cont:iim>d  p] 
oi^nisms.     Rather  more  tlian  half  of  these  (oi  per  cent.)  luid  an  ■  " 
of  some  sort,  usually  referable  to  matters  extracted  from  lrav<- 
other   vegetable   matters.     Diatoms    were   found    in    174  speeintc 
among  which  the  vegetable  and  aromatic  odors  prcdoniinale«). 
ophyocfc  were  fouml  in  85 ;  .'i8  pur  cent,  of  these  had  a  grasqr  < 
and  '2H  per  cent,  had  either  vegetable  or  mouldy  odor. 

In  the  Munll  nuinlKT  in  which  the  Algic  were  the  only  organisraal 
abundance,  the  predominating  odors  were  vegetable,  grassy,  aod  i 
ish  or  aromatic.     The  infusoria  canaed  most  commonly  the  GahyJ 
I  and  next  Ju  order,  disa<;rccable  and  v^;etable  odors.     Fungi  (ii 
which  head  Zoogltea  is  included)  were  found  alone  in  3S6  s|M-ciii 
35  per  cenL  of  these  had  offensive  odors ;  24  jwr  cent.,  vegetable  odo 
lo  per  cent.,  mouldy  and  musty  odors.     In   those   waters,  howet 
which  had  offensive  odors  therti  were  otlier  substanocs  (sewage)  l) 
orgauisms,  and  it  would  appear  that  to  these  matters,  rather  than 


[logi,  the  'xlore  wen^  <!ui'.  In  tliiMe  wak're  irliidi  ronruinttl  n  vnrit^ty 
oforgaubuns  tbe  odor  vraa  found  to  be  characterintlic  of  the  cUibr  which 
was  in  exccKS. 

Certain  particular  species  of  orgaiiii^ms  were  fouml  to  be  reeponeible 
for  mrtaiii  distinct  odor*.  DiffV-roiit  but  very  diittlnct  fwliy  od<>r«,  for 
iniitancc,  an>  due  to  several  species  of  llroglenu,  one  of  tbe  genera  of 
iaftLHoria.  TlieHe  odors  are  not  dn<>  to  frrowt)),  ]iutr('fiK-iii)i),  or  dociom- 
poeitioD,  but  to  the  liberation  of  oil  globules  in  the  process  of  dlMiute- 
gration.  Others  of  the  fishy  group  have  bwn  traced  to  species  of  other 
gf  nvra  which  yield  abundance  of  oily  matter  in  the  physical  disintegra- 
tion of  their  cells.  (Jdrn-s  belonging  to  other  yrou(»s  were  likewiw 
idenli6oi)  n^  producU  of  ditTercrit  iiniimd  and  vegetable  orginiiHiim. 

Mr.  Calkins  concludes  that  odors  in  drinking  watera  "may  be  pro- 
duced by  thfc  putrefiMjtivv  decon)|iU!tiliou  of  the  Iwdy  plasin  ilirougli 
the  agency  of  bacteria,  and  by  the  excretion  of  certain  products  of 
growth,  or  by  the-  lilxiration  of  product:<  by  tbe  pliysiml  dirotite^nition 
of  the  body  ur  breaking  down  of  the  enclosing  cell  walls.  These  three 
canses  give  rt^  to  three  classes  of  tidors,  aa  follows  :  (])  odors  of  oliem- 
ical  or  piitrcfactivp  decompoGitiun,  (2)  odors  of  growtli,  and  (3)  odora 
of  physical  disintegration." 

While  scwiigc  ninllent  ini]«irt  motildy  ur  musty  odors  to  water,  it 
mtiat  tjot  lie  interred  that  these  odors  are  of  themselves  indicative  of 
aewago  ))ollution,  for  good  surface- w»t«rs  sometimes  will  acquire  them 
on  etanding. 

Sometimett  it  will  be  noticed  that  water  on  long  Itnillng  not  only  con- 
tinues to  evolve  a  vegetable  odor,  but  gives  it  oil'  in  greater  intensity. 
This  \A  true  particularly  of  waters  rich  in  algte.  If  they  are  first  fil- 
tered, the  odor  will  not  l>e  given  ulf  on  l>oiling.  But  other  waters  maj 
continue  to  evolve  odors  even  after  filtration.  Peaty  waters,  for  in- 
stance, often  pcn>iift  in  yielding  odor  on  Vm^  Iioiting.  and  ti>is  is  not 
affeoted  in  any  way  by  filtration.  Waters  containing  products  of  physi- 
cal duintegratiou  und  various  oilier  tjubslancvs  aUo  arc  not  influenced 
by  filtration. 

Odors  which  disappear  on  boihng  may  develop  again  after  a  time  if 
their  cause  Is  not  removed;  if,  however,  tbe  m.ttters  from  which  they 
are  dt-rived  are  no  longer  present,  the  odor  will  not  return.  Si*me 
mo«t  tninblesome  odorv  are  known  in  he  the  resulta  of  decay.  The 
public  supply  of  Boston  was,  in  1 878,  seriously  affected  in  this  way, 
and  gave  off  an  odor  which  wil*  likened  to  that  of  cucumbers.  This 
was  investigated  by  Professor  Ira  Itemscn,  who  found  the  cause  to  be 
decora  [)os  it  ton  of  a  fr<^h-watt-r  »|M)ngi-.  Od<irs  sugge.stlve  of  pig-|H'n8 
and  bonse-duog  have  been  provctl  to  be  due  to  decay  of  various  forma 
of  algs. 

Water  EOmotimes  contains  sulphuretted  hydrogen  from  reduction  of 
sulphates  by  bacterial  action,  and  sometimes  mixtures  of  product<i  of 
organic  dc*?ornpo*iti<)u  wliich  KUggeat  that  gaa.  Very  marked  and 
most  offensive  odors  are  often  due  to  the  presence  of  dead  animals,  such 
as  toads  and  luioc  in  wells,  and  when  tliey  arise,  the  remedy  is  obvious. 
20 
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WATER. 

Some  wclU  beoonu!  atagnant  at  the  bottom,  and  if  or^oic  matter 
piTsrut,  it  may  csusc  foul  odor,  migf^cstivc  of  dead  animals,  bv 
&fition  ID  the  ab-senoe  of  a  RuSicieut  supply  of  di.'t.'Wiived  oxjg 
Stagnation  muy  be  prcvcnt^-d  by  ooiinc-ctitif;  ibv  pump  nearer  the 
torn,  or  by  filling  up  the  unneeessary  space  nith  clean  gravel  and  i 

(Mor»  in  wnt*T  arc  not  ni-cesnurily  indicative  of  dunji^r  to  bealtb,  I 
distinctly  iiDpleaHant  ones  are  quite  sufEcient  as  a  disqualificatioo,  i 
accouiil  \>i  till-  n.'piij^iuiiK'*.'  wliirh  tlii-ir  um'  for  drinking  and  otbcTi 
ntestic  purposes  would  cause.  On  the  other  hand,  as  in  the  oase  t 
color,  ah^cnoe  is  not  indicative  of  purity,  for  dang<^^oug  wntcre  tuy  I 
quite  inodorous. 

Taste.— Pure  water  but  no  dintinct  X&9Xe,  and  wltat«ver  (fa«  imp 
sion  made,  it  is  due  to  di^tolvcd  (^umcs.     That  this  \»  so  is  moeti 
dent  when  one  compares  the  taste  of  a  well  ai-rated  water,  before 
after  litwting  to  the  bulling  point  with  i<ubHKiuent  cooling.     Saline  i 
etituents  im)mrt  no  distinct  taste  unless  they  are  present  in  qoite  Ibii 
amounti*,  as  In  waters  of  a  high  degree  of  [teniianent  haixlnvss. 
only  substance  which  imparts  ta^tc  when  it  is  present  in  veiyi 
quantities  18  iron.     l)itu4olved  oi^iic  matters  cause  no  taste,  HI 
present  in  considemble  amount  au<]  accompanied  bj'  odor. 

Water  containing  v<>ry  little  coloring  matter  is  often  aaid  to 
distinctly,  but  it  must  be  n'niarlunl  that  the  M-necx  of  taste  and 
are  oft*n  unconsciously  intiutuced  bv  the  sense  of  sight,  and  coli 
wut<T  supposed  to  liuve  !>(>(  b  odor  and  laelc  niny,  if  drunk  iu  the  • 

\  give  no  impression  of  either. 

Rndly  lasting  water,  whether  dangerous  or  not,  u  o1>jcctionable I 
the  same  grouuds  as  mcntioued  under  odor.     Not  only  la  abseiM^ 

Allied  taste  no  evidence  of  purity,  but  it  S^  well  known  that  wutcTSi 
tainiug  the  ]>roductx  of  oxidation  of  itewagv  arc  oAcn  remarksbkl 
unusual  palatahili^. 

Substances  Found  in  Wat«r. 
Theae  include : 

1.  Gases  in  solution. 

2.  Organic  matters  in  solution  and  in  suspenrion. 

3.  Minend  matters  in  solution  aud  iu  suspension. 
1,  Oases. — First  in  importance  is  air.     Strictly  B{)eaking,  water 

tains  no  air  as  such,  but  only  the  constituents  of  air,  for  the  oxyga 
nitrogen,  dissolved  by  water,  are  not  present  in  the  same  pm|>oiltW 
whiob  tbey  exist  in  the  atmosphere.  In  .nnlt  wn[«r,  the  variaticau 
their  proportions  are  loss  wide.  We  will,  however,  consider  the 
ga8e»  as  air.  The  dissolved  oxygen  is  the  important  element,  ( 
hundred  vohnm-j^  of  xvater  at  Ift"  0.  will  dis«dve  nearly  ;i  voluiua 
oxygen  (^.tttl),  and  at  20^,  2.80  volumes,  and  it  is  not  altogether 
moved  by  boiling. 

he  amount  of  oxygen  in  solution  is  fairly  constant  in  water 
imposition  freely  exposed  to  the  atmosphere,  but  wheal 

kiUH  of  Hcwuge  and  other  oxidimhle  matters  tliey  b(^ 
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lotte  it.  Hivop  vraters  may  thua  bIiow  rn>t«l»l«?  rliSVrenceti  in  the 
nmotiiii  of  ilii«M)lvc<i  oxygfn  iiresent  in  sainpli>i^  taken  iibovv,  within, 
and  helnw  tnirns  situated  oil  thctr  bnnlcii.  The  Tliames  and  thc8t>inc, 
EoT  instiuici;,  wltow  this  in  a  remarkable  degree. 

Tbe  progi%ssive  diminution  is  dtii;  Uj  the  constant  acoetw  of  or> 
ganio  mutter  which  iiii<l«r^oefl  oxidation  at  the  expeii.-u'  of  the  dis- 
solved oxycen.  Wlii-n  n  river  wut«r  i*  d<?|>rivwl  of  its  di^-iolved 
oxygen  in  tiu«  manner,  or  by  reason  of  ehemicfil  chaogea  <hiv  to  the 
inflow  of  sewsgv  from  mniiufncturing  attablishiofutt*,  containing  com- 
poiinds,  ferrous,  for  ioatancie,  having  u  strong  affinity  for  oxygen,  fish 
life  cannot  Im-  i«ii)>]inrt<'d.  Ahscnoe  uf  fish  in  |)olInled  streams  is  due 
uinch  more  to  diminution  of  dissolved  uxyguu  than  to  the  [NjiMnoiia 
«Aeti  of  orgnnie  wn'itge. 

ASrfttion  of  wat«r  Is  very  largely  inflnencod  by  the  dust  which  &IU 
iuto  it,  fur  each  particle  carries  with  it  more  or  leftfl  adherent  sir,  as  4 
mar  he  readily  sceu  when  one  dri>p»  fmaW  particles  into  water  inten- 
liiiiialty  and  observes  their  descent.  Aeration  of  water  procewls  to 
gTwit  depths,  as  is  shown  by  diemical  analysis  of  samples  of  water  ob- 
tained by  deep  »<ounding,  and  also  by  the  fact  that  great  numbers  of 
or^misms  which  require  oxygen  for  their  rei^tpimtton  are  found  far 
beneath  the  surface ;  but  water  at  40  and  .50  feet  below  the  mi  rfaee  may 
oontain  no  oxygeji.  Water  from  dee]i  wells  U  very  commonly  free 
from  dissolved  oxygen,  because  of  iilMtnietion  by  conipnundi*  of  iron  or 
ntangancM;,  oi^ganic  matters,  and  other  substances. 

The  presence  of  considerable  dissitlved  oxygen  in  water  leada  to 
beneficial  chants  in  the  oi^nio  matter  present,  Diininisheil  oxygen 
In?rmitH  the  development  of  lo>v  forms  of  vegetable  life  which  fre- 
quently give  rise  to  unpleasant  tastes  and  odors.  Their  growth  is  in- 
hibited by  a  Iai^>  degree  of  ai>ration,  and  their  disagrcetkhle  eSeota  are 
thereby  prevented. 

Carbonic  Acid. — The  earbonic  acid  contained  in  water  is  derived 
largely  from  the  atmosphere  and  in  grt-at  jiart  from  the  soil,  where  it 
19  present  in  abundance.  Its  amount  in  any  water  depends  upon  a 
number  of  circ(imstjmee« :  upon  the  amount  citrried  in  by  rain  and 
dust,  the  cbartkcterof  the  soil,  and  the  extent  of  oxidation  of  organic 
mittt«r  rieciirnng  in  the  intersttws.  It  is  greatwt  in  amount  at  great 
depths,  and  it  may  constitute  almost  the  entire  eimtcnt  of  dtitsolvvd 
gas««.  It  lian  l>een  calculated  that  the  ocean  contains  about  ten  times 
as  much  a^  the  entire  atmosphere. 

2.  Orgaoic  Matter. — ^Tbe  organic  matters  in  WHl*r  are  of  Isjth  ani- 
taial  and  vegetnbli-  origin  and  etmsi.ft  of  oi^nni-ims,  products  of  organic 
life,  and  results  of  disinlegmtion  and  decom]M>sition.  Tlie  animal 
matlen  include  dead  and  living  organisms  and  dissolved  and  sus- 
pendeil  products  of  animal  life  and  deeuy,  such  as  albuminnuH  sub- 
stanrei),  urea,  and  tiii^ues.     In  the  tropica  ami  »itbtn>pics,  o%-a  and 

aung  of  various  parasites  aiv  common.     Ordinarily  our  interest  in 
Fsnimal  oiganic  matter  is  confined  to  the  prodiiels  uf  human  life  as 
represented   by  sewage,  which   may  contain   tbe  exdting  causes  of 
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specific  diM«3e!«.     Vegetable  organic  inaU«r  ezuls  as  liviag  and  i 

otganisms  and  tis«ue«  in  Kuii|>onsioii,  Botuble  and  suspended 

given  olT  during  life,  and  soluble  maltcra  extracted  by  the  vrater  >A«f] 

death. 

The  vegetable  organUm-i  are  represented  by  verv  numerous  spede 
of  microscopic  planto  wbich  act  bcncfidatly  by  absorbing  the  produc 
of  organic  decomposition  for  their  growth,  but  which  may,  on  the  i 
hand,  under  favorable  comlitioTi^  become  the  source  of  much  troabkl 
by  over-abundant  growth,  diaintogratiou,  aud  decay.  Thev  may  prop-j 
eriy  be  rogardw!  an  normal  coattitui^nlA  of  Murlace-vrati'r*,  for  ibcT  Mel 
always  present  in  such,  aud,  moreover,  they  develop  (|uic]tly  in  ^tort^J 
ground-water  exposed  to  light  and  air.  When  ibey  diit,  ino^i  spedsl 
appear  to  decay  ratlicr  nlowly,  uiul  the  pri^Hhiot<  of  their  deoompositioi ] 
uri:  Hb^orbiHl  by  new  growths  ;  but  when  present  in  great  abunduMv] 
the  progress  of  decoy  miiy  excw^d  that  of  growth,  and  then  their  prcd-  ] 
ucts  may  accumulate  and  cause  foulness. 

The  prt'w^nes  of  living  formt,  cither  v^etable  or  animal,  indioM  | 
tliat  the  wnter  coninins  at  least  whutcver  food  materials  ar«  DeoeesH7 
fur  tlieir  exUtence,  hut  not  necensarily  that  these  are  in  exce^.  Alnj 
for  instance,  n.'quire  miueruli'Cod  uttro^'nous  mutter  (oitnttee)^ 
other  RuliMtanees  ;  fungi  suggest  the  presence  of  carbohydrates,  [ 
teids,  imd  niincnil  «nbi<tfin<!v«  common  to  dome»tic  wrwufTe ;  infuturitl 
HUggest  organic  decomposition.  Dissolved  vegetable  matters  ordtnanjr  ' 
amount  (u  but  little  in  weight.  Even  in  some  very  brown  wiuoj 
whose  appearance  would  suggest  lai^i?  amounts,  they  mav  he  prtsealttj 
the  extent  of  not  more  than  one  or  two  pnrts  ia  a  hundred  thouaanJ.] 
The  organic  matters,  both  aiiimd  iinii  vegetable,  which  are  of  in- f 
terest  to  the  sanitiiriun,  consist  chiefly  of  carbon,  hydrogen,  oxygen,  W  -, 
nitrogen  with,  in  iniiny  cases,  sriiiill  iiniounts  of  piio»|ihorus  and  fol-l 
phiir.  In  the  process  of  decomposition,  which  owes  iu  ineeplioSi] 
progress,  and  completion  to  bacterial  activity,  the  carbon  is  cuFiibim^l 
witli  oxi^u  to  form  carbonic  acid,  and  the  hydrogen  unites  with  nitro*! 
gen  to  form  ammonia,  the  presence  of  which  in  water  indiciit*':*  that  tl«  i 
process  of  decon>()o»ition  ix  uwk'r  way.  In  it*  turn,  as  will  be  sliii"!!  i 
later,  the  ammonia  is  converted  eventually  to  nitric  acid,  which  inuOJ 
with  ba-Mt^  to  form  nitrates. 

Ammonia. — From  the  stjmdpoint  of  sanitary  significance,  amraxiil 
in  water  is  of  prime  im)K>riance.     Only  under  very  unii^iitul  (i>M<iiiito' 
does  it  cxiisl   in   ihr  furm  tif  hydrate,  but  usually  as  chloride  or  (•^ 
bonate.     We  speak  of  it  commonly  as/ree  ammonia,  for  on  lioilin{  1 
water,  these  salts  are  decompiM'd  and  the  ammonia  is  expelled  ini 
steam.     Among  the  direct  sourc<?s  of  ammonia  in  water  is  rain,  wlei] 
brings  it  down  out  of  the  atmosphere  in  van,-ing  amounts  accordii^l 
location.     IWin  always  roiilaintt  it,  but   more  is  present  in  that ' 
thickly  populated  districts  than  in  the  open  cinintry. 

In  one  instance,  reported  by  Drown,'  it  was  found  to  the  large  d 
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tent  of  0.0R64  in  110,000.  Its  presence,  however,  in  surface-  and 
groaDd-vratora  isiliu-  for  ihc  moat  piirt  toilwoinprwitinnof  iiitTogenous 
organic  uatler.  It  is  not  abundant  in  ordinary  unpolluted  watt-rp,  but 
u  often  present  to  *  very  oonKidi-nible  exlent  in  tlial  of  deep  driven 
wells.  Here  its  origin  is  not  always  clear;  in  some  coses  it  is  snp- 
poAcd  to  \iK  n'rcrublo  to  ooal  de]K)9it)*,  in  othem  to  reduotjon  of  accu- 
mulatc^l  nitrates. 

Under  ordinary  condiliona  in  surface-waters  it  is  absorbed  very 
quickly  by  growing  vegetation,  and  llic  nmrc  active  tlio  growth,  tlie 
greater  the  appropriation.  For  this  reason,  water  from  the  tame  source 
will  often  show  Iww  on  annlytits  in  suminor  tlniii  in  winter.  But  ac- 
tivity of  vegetation  is  noi  always  responsible  alone  for  this  difference 
in  amount,  for  in  the  taisc  of  Lirp-  lioflieis  of  wntcr,  as  lakes  and  ponds, 
the  rate  of  movement  of  the  water  has  great  induencc.  During  the 
vnirnier  months,  when  tlio  upper  layers  arv  wanner  and  consequently 
l^tcr  than  the  lower,  the  latter  beoomw  necessarily  stagnant  and 
rtntifled. 

The  ammonia  which  nccumtdntcs  in  these  lower  strata  docjt  not, 
therefore,  come  to  the  surfiwe  until  cold  weather  approaches.  Then 
the  upper  hvvcrs  become  more  dcnec  and  lenil  toward  the  bottom, 
causing  a  diMplaL^nient  of  the  lower  layers  toward  ihe  surface  and  a 
general  uniform  mixing  of  the  entire  volume  of  wiitiT.  Another  ele- 
ment in  the  stirring  up  of  the  water  of  ponds  and  lakes  is  tlic  action 
of  wind,  which,  however,  do«s  not  extend  beyond  twenty  feet.  Still 
another  influence  to  be  considered  is  that  of  sprlnij^  at  the  Ixittom  an<l 
sides,  whieb  tend  to  keep  the  water  in  motion.  Iti  the  ai.se  of  flowing 
rivers,  the  water  is  of  comparatively  uniform  composition  at  all  depthit. 

Ammonia  is  \'ery  characteristic  of  sewage  pollution  the  oxidation  of 
which  yields  it  in  such  abundance  that  it  may  not  bo  abttorbvd  by 
fcrowing  vegetation  ;  or  the  conditions  are  such  that  it  cannot  be  oxi- 
dued  to  nitric  acid. 

Ammonia  as  it  occurs  in  drinking  water  is  of  itself  incapable  of 
prodiicinR  any  harmful  eflbcta.  It8  amount,  however,  is  of  greater  or 
leas  sign  ill  can  ce  according  to  circumstancc«  :  that  from  clean  and  prop- 
erly stored  min-wat<T  iit  of  far  leiM  Mignilicance  than  that  of  other 
waters.  In  this  cose  it  may  be  coincide  ruble  in  amount  and  menu  but 
little  ;  in  others,  it  is  UMially  evidt'nce  of  decomposition  of  oi^auic 
matter.  Its  amount  in  gowl  water  is  not  large,  and  on  account  of 
oxidation  and  absorption  by  vegetable  growth  it  does  not  accumulate. 
And  even  in  wwnfic-pol luted  wiilcrB,  when  vegetation  im  ai-live,  ab- 
sorption may  so  diminish  its  amount  that,  taken  alone,  it  might  lead  to 
false  wmelunious  ns  I'l  the  clmracter  of  the  water. 

Albuminoid  Ammonia. — ^Tbe  so-called  albuminoid  ammonia  is  am- 
monia whicb  i*  prciduccd  in  the  process  of  analysi.4  of  water  by  the 
acdon  of  alkaline  permanf^anatc  of  iKiInsh  on  nitrogenous  or^^inic  mat- 
ter hitherto  undecoinposed.  The  result  of  the  action  is  a  splitting  up 
of  the  organic  matter  and  the  conversion  of  the  nitrogen  to  ammonia, 
which,  as  is  the  case  with  "  free  "  ammonia,  passes  out  of  the  water  in 
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thtf  stpatn.  This  tiintt«r  muy  be  of  either  nDinml  or  vegetable  origin, 
and  ibi  rhorantor  Is  of  tar  groiit'-r  inijiortnnctf  ihau  tbe  amount  of  the 
vicU).  Tlitis,  a  water  ^cmfI}'  [toUiitcd  by  rH-wiiigv  may  yield  IcM  than 
another  quite  free  from  t^nch  contamination,  but  rich  in  dissolved 
v^-tuble  rnnltor  of  no  gn-jit  sanitary  iraportJincf. 

Animal  organic  matter  is  decomposiKl  much  more  rapidly  tlian  vee- 
etablfi  matter,  »ome  kimU  of  wbicli  are  remarkably  i>i*mMinent,  such, 
for  instance,  as  the  enbstancea  n-hicli  impart  ihe  brovrn  color  to  the 
wntitrH  of  itwampH.  Anlniiil  [ii.ntUT  i»  rioher  in  nitrogen  than  vege- 
table, and  consequently  a  Btated  amount  of  albuminoid  ammonia  rep- 
resents deconi|x>siliou  at  a  Inr^'r  ninount  of  the  latter  iJian  of  the 
former.  In  other  words,  a  email  niuount  of  animal  matter  will  yield 
aa  much  albuminoid  ammonia  as  a  large  amount  of  vegetable  matter. 

Inasmuch  as  aniuial  matters  are  of  fur  greater  sigiiitioiine^  tlian 
vegetable  matters,  it  must  be  clear  that  the  ammmt  of  albuminoid 
ammonia  is  of  le.i^  impurtaniL^  than  its  origin.  Anil  since  in  the  an- 
alysis of  water  the  ammonias  tbemaelves  give  no  indication  of  their 
origin,  tht-ir  significance  ejin  only  Ih-  measured  with  the  aid  of  e^^tima- 
tionH  of  other  substances,  and  of\en,  also,  a  knowledge  of  the  source  of 
the  water  and  itn  NiirroundingH  will  Ih<  required. 

NltritcB  and  Nitrates. — The  ammonia  formed  in  the  first  stage  of  de- 
composition and  thiit  xvashed  out  of  the  air  by  rain  are  eventually  oxi- 
dixed  (i>  nitrates  under  the  inlluence  of  the  so-called  nitrifying  baoteria. 
and  this  slagc  marks  the  completion  of  the  jirocesh.  The  nitric  acid 
formed,  coming  in  ccinlacl  with  earthy  and  nlkaline  nirhonatcs, attacks 
them  anil  unites  with  the  Ira-ses  to  form  nitrates  and,  in  so  doinj;,  liberates 
carbonic  add.  The  nitrifying  proecsj'  octMirs  not  alone  in  the  l>ody  of 
the  water  itself,  but  to  a  much  greater  extent  in  the  interstices  of  the 
Hoil,  so  that  a  water  rich  in  nil  manner  of  oi^nic  Hubslances  nndergoeo, 
under  favorable  conditions,  this  purifying  process  in  the  fullest  decree 
when  it  enters  the  soil  at  the  surface  and  jwroolates  slowly  downward. 

Befon-  ilie  stag<?  of  «jmplete  nitrification  is  reached,  there  is  an  in- 
termediate staj^,  that  of  nitrous  acid  and  nitrites,  but  it  is  probable 
that  the  time  during  which  a  given  amount  of  nitrogen  on  it8  way  to 
ininendizatiou  remains  in  the  nitrous  form  is  extremely  short;  in  &ct, 
that  the  step  from  amnmnia  to  nitric  aeid  is  pnictieally  instantaneous. 
NilTBtes  art-  seldom  absent  in  either  surface-  or  ground -waters,  and 
may  be  present,  (specially  in  the  latter,  in  quite  large  amount  (a.'f  much 
08  six  or  seven  or  more  parts  in  100,000),  while,  on  the  other  hand, 
nitrites  are  not  ordinarily  present  in  unpolluted  waters,  and  as  little  as 
one  oMc-thoitsandtli  iwirt  in  100,000  of  nnv  water  is  looked  upon  as 
"high." 

It  is  a  fact  that  iiitiiiles  are  very  readily  reiluced  to  nitritai  and 
further  back  to  urninonia,  and  even  to  nitrogen  gas  itself,  by  the  acticm 
of  a  variety  of  organisms  which  act  in  the  absence  of  oxygen.  These 
arc  known  as  the  ileuitrifying  bacterin,  and  while  these  species  are 
doubtless  very  numemus,  only  a  limited  number  have  been  isolated 
aitd    identified.     Their  action    is   iuhtbitcd    by  oxygen   as   has  been 
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proven  by  StulKcr  nnd  Maul,'  wbn  found  that  in  cultures  thmugli 
which  a  alreaiQ  of  oxygen  is  ]nissvil,  ihv  pniuvH  of  rlviiiiriticAtion  cvtuci;. 
This  was  confimMil  by  \Vei*»enbei^,  Vfho  ob§erved,  further,  that  wlien 
the  bacteria  were  (cultivated  in  Htnall  volum(>!<  of  nilniti*  bouillon  id 
fUsk*  of  such  itluipe  thnt  the  aur&oe  of  the  liquid  was  very  great  in 
compariBon  to  its  depth,  fuid  c>xpo««d  to  the  nlr,  ttiey  did  not  act. 

Tb(rs«'  liurterift  are  common  in  Bewam?  In  wliicli  the  conditions  for 
their  growth  and  activily,  .ib^fiir^-  of  <li*iiilved  oxygi'ii,  for  institnce, 
are  present,  Orimbert '  has  ahown  that  the  liadUut  Itfphoeiis  and  Ba- 
cttfwt  eoli  r/fiamunw  reduce  nitrates  and  amido  principles  in  oultare 
media.  The  production  of  gas  uppeurit  to  be  n  result  of  tbc  accoudary 
naetion  on  th«  antido  c»in[K>und.i  by  the  nitrous  acid  formed  through 
bactcriat  action. 

Small  araouat«  of  nitrites  in  water  may  be  derived  from  the  air  bjr 
absorption  or  by  the  cleansing  uction  of  rain,  and  may  be  due  to  con- 
tact of  metallic  surfaces,  brickwork,  and  new  masonry  with  the  nitrates 
in  solution  ;  but  they  arc  almost  never  (irci^eut  in  what  tire  uilli'd  large 
•mountii  (one  part  in  a  hundred  million)  except  as  an  indication  of 
SCTTBge  pollution. 

t£>  aispro[Kirtion  between  the  amounts  of  nitrites  and  nitrat«s  in 
wnlvr  miiy  also.  p<-rliit[)s,  be  explained  as  follows :  The  nitrates  arc  the 
final  stage  of  complete  oxidation  ;  they  do  not  go  on  to  a  higher  form, 
but,  bcinf;  pt-riiuuK-nl  in  chiinicter,  accumulate  in  the  water,  unl<»«g  with- 
drawn by  vegetable  life  or  reduced.  The  nitiitcH  can  not  accumulate 
as  siich,  but  arc  oouverted  to  the  higher  form.  Thus,  the  lower  form 
is  constantly  passing  Into  the  higher  and  ia  stored  as  such. 

Nitrait-H  vary  oodsiderably  in  amount,  owing  to  various  causes. 
They  arc  almost  ulways  present  in  botit  surface-  and  ground-waters 
unless  tJiere  U  some  process  at  work  causiug  a  reduction  to  nitrites. 
In  unpo)lul(Ml  iturfiicc- waters  they  arc  u»uully  low  in  amount,  but 
BUch  waters  generally  contain  more  nitrogen  in  this  form  than  aa  am- 
monia. Thev  ill)  not  accuiuuhiti-  gmttly  in  siicli  waters  during  the 
warmer  niontlis,  for  they  are  largely  absorbed  by  growing  vegetation. 
Hcnec-  they  are  more  abundant  in  winter.  In  the  wanner  months 
they  may  be  almost  wholly  absorbed  by  growing  Algie, 

Ground-waters  contain  little  or  much,  according  t'l  cinninistancea  ; 
in  vir^gin  and  thinly-settled  districts  the  amount  is  small  ;  in  others,  it 
b  usnally  fairly  high.  In  the  former,  it  in  mainly  from  the  ammonia 
of  t)ie  rain  and  that  fornuKl  in  the  decay  of  the  organic  matters  nat- 
tirally  in  the  soil ;  in  the  latter,  it  is  due  largely  and  maiidy  to  the 
ammonia  of  dimic^lic  M^wiigc. 

Ground -wTiters  rich  in  nitrates,  when  exposed  to  light  and  air,  gen- 
erally become  wore  or  leas  rich  in  vcgetuljle  growth,  and  poorer  ia 
nitrntM. 

Like  ammonia,  nitrates  in  water  are  not  of  themselves  in  any  way 
liarmfu)  in  the  amounts  found.     They  simply  represent  what  was  onue 

■  Cetitnll>lntt  iQr  BnktiTloliigic     .\bt)i.  II..  liil.  2,  1800,  p.  473. 
*Aiiaiil«s  dv  rimtiiiit  t'lulvur,  Jnn.,  1S09. 
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organic  nitrogen,  but  nnw  oomplotclj'  mineraliEcd.  Nor  is  their  pncl 
eiux  any  indication  of  the  nature  of  the  uripiniil  organic  matter,  whcthiv] 
aninuil  or  Vfg«'taM«,  ami  ihw  can  ho  infcrre*!  onlv  wh«n  otHer  comW- 
uentti  are  considered.  When  prvwiit  in  consiiicrabU-  or  vcrv  hi^h 
anionutA,  tliey  indioate  a  corre«p<inding  degree  of  pasi  pollution,  prr- 
liaps  nearby  exiifting  jKiIliitioD.  nnd  tW  |>UMtl(ility  of  futurv  danger ftnn 
itt<  recurrence.  Therefore,  high  nitrates  must  soroetunea  be  looked  upon 
with  i<iiK)>ii-ion. 

And,  furthermoTe,  it  must  be  borne  in  mind  that  the  evirlcace  of 
•xtcnttivc  mineralizntion  does  not  pn-clude  the  existence  of  present  pn^ 
esM8  and  the  presence  of  active  pathogenic  micru^rguiiisn»,  fi>r  or 
ganic  matter  may  be  rapidly  oxidized  in  the  presence  of  liviDK  pstlw 
genie  germs.  Sometimes  very  large  unimiiilx  of  nilmte^  arc  foimii  in 
the  watern  of  very  deep  wells,  so  large  that  tliey  caunot  be  explainul 
by  the  i(iippi>!*ilionof  uxidixeil  iwwage.  In  the^^i^  ca.'WM  thecnu.4e  is  sur- 
mised to  Ik  fosaii  remains  or  natural  nitrate  dcpottits. 

The  prc;*eii«e  of  nitrite  in  water  in  of  far  more  importance  tbn 
nitrates.  It  means  that  fermentative  changes  nrv  iu  progrrM,  anJ 
that  oxidation  i*  not  being  completed.  When  this  condition  obtain', 
they  may  be  very  pereistent,  Sometim(«,  they  nicjin  (i  reduolinn  of 
the  nitrates,  which  lakes  place  mainly  under  the  influenee  of  denilri- 
fying  i>rgani><ms,  ipiite  likely  tu  be  present  in  large  numbers  in  demm- 
p09ing  organic  matter.  Himetimcs,  neither  nitrates  nor  nitrites  in 
prc!*ent  in  m'vifa<;e-p()lhit<'d  wat<»r ;  In  snch  oa^es,  either  they  have  not 
been  formed  or  have  Ijceu  completely  reduced. 

When  niiritea  are  present  at  the  expense  of  the  nitrates  by  the  »i> 
tiou  of  metallic  surfaces,  lead  nnd  iron,  for  example,  the  metal«  them* 
selves  are  present  in  at  least  detectable  traces. 

'.i.  Mineral  Matters. — Chli>riri(r  it.'*  comtnon  !<alt  i^  a  ttormal  caa- 
stitueut  of  all  waters,  llain-water  takes  it  up  from  the  air  in  emilt| 
traces,  particularly  near  the  aca  coast.  In  the  Hpecimen  of  rain 
ferred  to  on  [>age  ^01^  us  rich  in  ammonia,  the  clilorine  ooolenc 
0.13  per  10U,UUI),  which  is  much  in  excens  of  that  f^und  in  niaQvi 
land  waters.  The  amount  of  chlorine  normally  present  in  (lie  vtU 
of  a  rlintrict  di^pends  on  location  and  other  conditions.  It  is  ve 
greatly  induenced  by  proximity  to  the  *ea,  the  air  above  which  oWi 
tains  necessarily  raort!  rhiin  tliat  at  a  distance  inland.  It  varies  ti 
amount  in  the  siime  water  with  differences  in  the  amount  of 
and  evaporation,  and  in  the  direction  of  the  wind. 

Chlorine  incrt>ft.-*i's  directly  u-ith  the  population,  and  itsamonotl 
very  greatly  influenced  by  a  proper  system  of  sewerage  which 
the  sewage  matters,  rich  in  c(.>mmon  salt,  beyond  the  limits  ofl 
drainage  area.     When  its  amount  rises  above  the  nonnal  of  a  lfl(ii!iti'|| 
it  is  indicative  of  sewage,  though  not  nwi?*(arily  of  recent   polhitio 
Aa  we   have  seen,  the  organic  matters  become  mineralized  and 
Iong<!r  exist  in  their  original   ibrm,  but  no  mch  ehsngi^  occurs  in  i 
chlorides,  which  remain  fixed   and   unchanged,  and  they  may  be 
onlr  ovidence  remaining.     Thus  a  water  polluted  by  sewage  may  ba^ 
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its  or]gsiiic  nitrogen  ooni'erted  to  nitrntoe,  ami  tbew.'  in  turn  may  be 
abMrbcd  l>y  vi'g<'table  (^iwth  ;  it  may  be  clear,  cojorlesa,  cHlorleHt),  uad 
paltttable,  Tree  from  pntbogcnic  btict^-n.i  nnd  iti  every  wiiy  siiilnbU-  for 
urinking,  but,  nevertheless,  the  clilorine  remains  as  a  wituesa  that  pol- 
tution  has  oocurred  in  the  pm^t. 

According  lo  Pmfc-aAor  Drown,  in  a  genera!  way  four  fajnilies  or  20 , 
pcnoiia  ]KT  sqiiHri-  mih-  will  mid  on  nn  avcrn^'  0.01    [lart  of  chlorine 
per  HHt.OOO  to  the  water  of  a  district  in  seaaonB  of  average  flow,  and 
more  in  timr  of  dmuj^lit. 

Oth«r  Uiaanl  UaU«r. — Tlie  total  amount  of  dissolved  mineral  mat- 
ter in  any  drinking  water  di-jiciidM  iip'in  the  eharacter  of  the  soil  with 
which  it  lias  been  in  contact,  upon  the  Icnf^tli  of  time  of  exposure, 
atxl  upon  the  aniouni  <>f  curlxinie  acid  which  it  holds  in  oolutioo. 
Not  even  tlie  hardest  and  mo§t  insoluble  rocks  wholly  (acspc  the  sol- 
vent power  of  water :  no  mineral  la  absolutely  insoluble.  Silicate  of 
aluminitm,  which  is  least  acted  upon,  is  soluble  to  the  extent  of  about 
I  in  lMO,0<iO.  Siticious  rnck.i  in  genera)  are  attacked  only  very 
slightly,  while  limostoues  are  <)issolved  with  conipnrative  case  and 
yield  n>nsiderable  calcium  and  magaeaium  carbonates,  especially  if 
the  water  is  rich  in  free  carbonic  ncid.  Gy|>8um  also  is  acted  upon 
ver^'  freely. 

Some  waters  contain  very  large  aniounta  of  mineral  matter  derived 
frorn  deeply  situated  natural  deposits.  The  Oirlsbad  springe,  for  ex- 
ample, are  said  to  bring  annually  to  the  surface  enormous  amounts  of 
aotlium  chloride  and  calcium  carbonate,  besides  2,o00  kilos  of  calcium 
flaoride,  tWO,000  of  sodium  carbonate,  and  11,000,000  of  sodium  sul- 
phate. 

Besides  the  ordinary  salts  of  the  alkalies  and  alkaline  earths,  most 
naliiral  watvnt  (Mutaiti  at  leant  very  minulo  aiii[)Uul.H  of  iron.  Appred- 
ablc  amounts  of  iron  make  water  unsnitable  for  general  domestic  and 
taehnic  purpose*.  It  causes  stniuitig  of  clothes  if  u.sed  in  the  laundry, 
Kod  hsadache,  dyspepsia  and  constipation  if  used  babituiilly  for  drink- 
ing. It  cannot  be  used  for  dyeing,  and  as  little  as  1  in  1,000,000 
oiakes  it  unsuitable  for  use  in  blcacheries.  A  quarter  of  a  grain  [wr 
gallon  is  suiHcieot  to  imparl  a  distinct  chalybeate  laate.  The  permis- 
sible total  amount  of  di^4oIv('ll  minenil  oon^titucnts  cannot  be  stated, 
bat  50  parts  in  100,000  arc  generally  held  to  be  excessive. 

Hardness. — Hardneiut  is  the  capairity  n  water  ban  for  decomposing 
soap.  It  dcjK-nds  on  the  amount  of  salts  of  Mg  and  Ca  in  solution, 
and  hence  upon  the  pharacler  of  the  soil  with  which  the  water  has  beeo 
in  oontiirl.  Water  fmm  rocks  which  yield  lime  ami  mngnexin  will 
probably  be  hard,  while  that  from  those  composed  of  alumina,  silica, 
•  etc.,  will  pntlxibly  he  soft.  Sunif  stindstone-H  will  yield  mtii  and  ntbent 
huni  water,  according  to  the  nature  of  the  cement  which  binds  the 
grains  together.  The  clcmentt)  ciumiiig  hiirdno«s,  particularly  the  cal- 
citim  salts,  have  the  property  of  making  new  combinations  with  the 
(Mj  acids  of  tlie  snap  and  |iri-ventiiig  the  formation  of  a  lather  until 
tlicy  have  l>ccn  satisfie<l :  one  gniin  of  chalk,  for  instance,  will  ate  up 
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eight  of  ordinary  soap  before  (u>y  vtttust  cnn  Iw  pro<Iu««d  ;  h«nee  i 
mous  waste  of  soap  occurs  from  tb«  use  of  hard  water. 

Uardocss  i«  dividetl  into  "  t«nji)omry  "  and   "  pi-naanenl," 
former  ia  due  to  gaits  which  arc  removable  by  boiling :  the  Utter  I 
those  whtoh  are  not  thereby  affected. 

Water  coataininff  considerable  frc«  CO,  can  take  up  and  bold 
meaaa  of  this  ga;)  considerable  carbonate  of  lime.     Some  claim  tbati 
carl>onatv  ix  changed  to  bicurbuiiatc,  hut  this^-omimund  has  never  1 
isolated.     If  the  gas  be  pxpelled  by  heating,  the  solvent  powei 
longer  reinuiuit,  and  tlie  amount  to  lield  i^  prt-cipitated  and 
exert  no  more  influence  in  causing  hardness.     The  chloride 
phate  or<MUciiim  are  not  nffL-ctol  by  boiling.     Magne^um  carbonilel 
precipitated,  but  reclissolvea  od  <M>oling. 

The  ilitfi:n-nee  between  tlie  original  hardness  and  the  hardness] 
maining  atW  boiling  is  the  "  temporary  "  hunlness,     IVrmaucnt  1 
ness  is,  then,  due  to  tho:«e  wlt^  not  atfectcd  by  boiling,  that  ia,  to  < 
citim  sulphate  and  chloride,  and  ma^^ncsium  sidts ;  and  if  above  h 
in  100,000,  is  commonly  regarded  as  excessive  and  injurious, 
cium  Kulphat4.'  in  uut  alone  object ioiiubU-  in  drinking  watiT,  but  alwi 
water  used  in  boilers,  since  it  is  lees  soluble  in  hot  than  in  coW 
and  ihuK  forms  u  "  Kcale."     Suile  i^  of  two  kind.-* :  that  due  to  the 
porary  hardness,  easily  removed,  and  that  from  CaSO,  which  is 
very  adherent,  and  renioved  with  ditBoulty.     The  latter  is  depoab 
the  more  freely,  the  higher  the  temiK-raturf  of  the  water. 

Boiler  scale  in  alHo  sometimes  due  to  other  causes.     For 
A.  Hcichnnl'  has  reported  a  case  where  wrioiw  trouble  waa  cwuedl 
the  formation  of  a  scale  of  silica  and  lime  from  u  n'ater  which 
tatned  only  2. .30  piin«  of  lime  and  magne.'^ia,  but  as  much  a.*  IMi 
silica.      Boiler  scale  causes  ^%at  loss  of  fuel   by  iuterfenng  wttb 
transmisHion  of  heat  to  the  water.     Hardness  is  not  only  undesir 
in  water  uaed  in  the  laundry  and  bath,  but  aUo  in  that  used  for  i 
ing  purposes,  for  it  makeji  certain  of  the  vegetables  bard  and  to 
gcetible. 

WATER  SUPPLIES. 

Immediate  sources  of  water  supply  comprise :  1 ,  Slorwl  raia. 
Surface-waters,  including  rivers,  lakes,  and  gathering  basins. 
Ground-waters,  iuuluding  well»,  filter  galleries,  and  springs. 


1.  STORED  RAIN. 
Where  other  water  is  not  obtainable  and  where  the  natural  waUf  I 
unlit  for  drinking  or  for  washii^  and  other  domestic  pnr|HL«M.-«, 
rain-water  is  used.  If  tliis  is  colhotod  under  proper  precautiona  I 
prevent  the  presence  of  extraneous  matters  of  undesirable  cha 
from  the  receiving  area,  and  pro[)crly  liitored,  it  coustitutea  a 
wlmlcj«>mc  '■upply.  But  exocptinij  where  rainfall  occurs  with 
larity  and  frequence,  the  uncertainty  of  supply,  e3|»ecially  in  pcriodtl 

■ChHmikcr  7.<ilimg.  1S96,  Pl  6& 
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,  acte  V  ft  grciil  ilmu-buelc.     An  iocli  of  minfall  is  equivalent  to 
U.  S.  galloofl  per  square  vard  or  27,1'V2  gallauei  per  acri>,  but 
'  K  onalT  pmi)orlioii  of  tills  fnlU  upon  surfacvs  (roo&,  etc.)  from 
I  it  can  be  coUedwi. 

total  collecting  area  of  the  roof  of  any  buiMiiig  depends  not 
I  the  shape  and  style  of  the  roof,  but  upon  tJie  amount  of  ground 
pied  by  the  building.     Thus,  »  house  forty  feet  square  will  have 
tieally  1,600  square  foct  of  wutersliod,  or  allowing  for  the  projec- 
tion of  the  eaves,  soinewbat  more,  and  thii^  whetlter  the  roof  ba  Hut, 
jitdin],  ii^anibrel,  nianiMtrd,  or  irri.>ji>tilt\rly  diitpuHcd.     Upon  such  an 
■RE,  one  inch  nf  rain  will  yield  nearly  a  thousand  (^97)  gallonfl.    The 
nwtn  annual  rninfiill  of  MaMnchiii^-ttJi  '\»    I'-i.V  inches,  iind  on  this 
'  W*,  a  roof  of  this  size  would  receive  in  a  year  over  4;i,0(K)  gallona, 
,  ■hidi  v'onld  allow  for  all  tlie  ntwdx  of  the  occupants,  fur  ilrinking, 
'  Moki:^,  bathing,  laundry  and  other  purposes,  nearly  1'2U  gallons  per 
'  Cod.    But  under  ordinary  oonditionn  of  storage  in  oittteriis,  a  very 
'  Inge  amoaut  of  lose  occurs  through  evaporation,  and  thus  the  daily 
•Oomoce  would  fall  somewhat  below  tUis  figure. 
In  eollecting  rain  from  roofs,  it  is  very  ncccssttry  to  ensure  eleanli* 
I  QCHof  the  supply  by  allowing  the  first  flow  to  run  to  waste,  thereby 
'  BTwding  contamination  by  dirt,  leavt^s,  bird  droppings,  soot  and  other 
BBBcre  deposited  upon  the  roof  and  collected  In  the  gutters.     A  num- 
f  W of  automatic  devioes  are  in   uhc  for  the  pnr]>o.ie  of  diverting  the 
\  ftai  vashinga  away  from  the  conductors.     After  this  has  been  done 
■ticjthaugi.-  ixkfition,  !w  that  the  subsequent  fall  is  saved  and  stored. 

Itngularity  in  precipitation  is,  as  bus  been  remitrked  ubuve,  a  seriotia 

4fiiiiack  to  reliance  upon  rain  as  a  sole  supply.     Partly  owing  to  a 

flHn^  belief  ibiit  gnyit   Iwtlles,   in   which  large  qiinntitiw  of  enplo- 

I UB  used,  are  commonly  followed  by  heavy  rain,  numerous  experi- 

ibarebeen  iric^l  toward  breaking  dnmght  by  discharging  puw- 

exploaives  in  the  upper  strata  of  the  atm'>sphere,  but  without 

A»  a  matter  of  fact,  the  Idra  of  connci^tion  between  battles 

l-nia&ll   is  by  no  means  new  and   has,  indeed,  come  down  from 

tnledating  the  use  of  gunpowder  in  warfare.     Furthermore,  in- 

lioD  of  government  reconls  has  shown  that  the  popular  belief 

>  fi>andation  in  fact,  and  that  great  battles  have  been  as  often 

■aed  by  periods  of  fair  weather  as  by  days  of  8t<inn. 

tuD-waler  requires  do  aeration,  for  in  its  descent  it  has  already 

Drtieit  plenty  of  air  ;  but  melted  tmow  and  Ice  miint  be  shaken  with 

Itr  pawed  repeatedly  from  one  %'esscl   to  another  in  onler  to  lose 

I  flat  taste  so  characteristic  of  una£rat«d  water.     Moreover,  their  use 

(ihe  flat  condition  is  Ijclicvd   to  conduce   to  more  or  lens  gastric 

eol.     Snow-water  is  usunllv  more  impure  than  rain,  l>ecause 

Iflhc  inoirSakc«  by  n-ason  of  their  larger  surface  arc  more  eJlicit-nt  in 

nmving  dust  and  dirt  from  the  air. 

CHtenM  for  .ttorage  of  rain  should  be  no  constructed  and  arranged 
■  ti  admit  of  easy  inspection  and  cleansing.  They  sliuuld  be  kept 
mend  ao  aa  to  exclode  dirt  and  dust  of  all  kinds,  insects,  mice  and 
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other  nnimtilx,  oml  to  Hhiit  off  tight  ah  w«)],  for  the  prvtcnoe  of  light 
U  au  im[M)rtant  aid  to  the  development  of  lower  plant  forms.  Tlie 
best  ntiiU-riiilH  for  tlii-ir  coni^trucliui)  are  brink-i,  nlnne,  oeoieiit,  and 
slate.  Cement  makes  a  good  lining  if  one  if  dosirc<l ;  miirlnr,  liow- 
ever,  is  olijiTlionalile  im  aeeiitint  nf  iKc  solvent  power  of  water  Upon 
lime  which  will  cause  progressive  incrcnsc  in  hurdness.  Cistcriw 
should  be  provided  with  overflow  pipes  diseharging  into  the  open  airj 
rather  tliiin  into  the  tiuti&e  eewer,  and  their  czitd  should  be  prot4.'cte(tJ 
by  wire  netting  against  the  entrance  of  leaves  and  small  animals. 

2.  8DBFACE-WATEES. 

For  public  supplier,  ospw^iidly  of  lurgi-  communities,  surfacv-wHtrm 
as  rivers,  lakes,  and  eolleeting  basins,  are  generally  more  available  tba: 
ground -waters. 

Large  rivers  and  lakes  are  unfortunately  very  commonly  stibject  i 
moat  extensive  pollntion  by  sewage  of  large  onnimnnities  and  manu- 
facturing cetublishments  along  their  borders  and  by  tlio  waste  proJtKts 
dischai^d  into  them  from  sailing  veiwels  and  stoiimshijts.  Many 
rivt.TH  arc  subject  to  proKrcssive  incrt'iiso  of  pollution  by  reason  of 
serving  iis  the  most  convenient  reooptaele  for  the  sewage  of  a  sucoes- 
sion  of  towns  aixl  oitios  located  at  intervals  from  tho  source  lo  th« 
mouth.  Thus,  one  town  takes  its  water  from  a  point  above  and  die- 
ehargoK  it»  stnvagi-  at  niiottier  place  below ;  a  second,  farther  down, 
takes  the  already  contaminated  water  and  in  its  turn  dischai^es  it» 
sewage  at  anotlKT  eonveiiiriit  |K>int,  and  go  on  for  the  real  of  the! 
course.  On  account  of  the  dangers  attending  the  use  of  snoh  waters, 
some  process  of  treatment  is  imperatively  demanded  to  remove  the  ob- 
jcctionabli'  elements.  The  diflireut  proceeaes  avaihible  for  this  work 
are  considered  elsewhere. 

The  public  mind  is  being  gnvdually  awakened  to  the  wrong  pnctiocd 
upon  one  community  by  another  by  the  discharge  of  untreated  sewage 
into  what  i.-i  its  only  available  woter  supply.  In  the  casf  nf  cities  lo- 
eateil  upon  the  shores  of  the  Great  Lakes  and  other  large  bodies  of  fresh 
water,  ii  is  commonly  the  ease  that  the  intake  of  the  water  !>n]iply  is 
locatct)  at  no  vi-ry  great  distance  from  the  outfall  of  the  main  stwers. 
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^^        Iwatcd  at  no  vi-ry  great  distance  from  the  outfall  of  the  main  stwers.^^ 

^H  Smaller  rivers  and  lakett  may  be  subjeot  to  the  same  influenoMi,^| 

1^^        though  in  Itsscr  degree,  but  in  general  it  may  be  said  that  thcjw  oreS 

more  easily  ojntrolled,  espGcially  when  they  lie  wholly  within  the  juris-f 


I 
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diction  of  a  .lingle  law-making  power. 

Basins  for  the  collection  and  storage  of  rainfall  and  surface-waters 
are  constructed  by  throwing  a  dam  across  a  valley  or  otlier  ooiivenient 
dcpre-'^sion.  Experience  has  taught  that  even  though  involving  large 
expenditure  it  is  best  to  strip  off  the  surface  layers  in  order  to  get  rid 
of  all  organic  miUlcrand  vegetiilion,  which,  if  left  in  place,  may  prove 
fniitAil  sources  of  trouble.  Tlie  water  which  gather*  in  them  has  op- 
portunity to  rid  itwif  of  much  of  it«  suspended  matters  by  sedimcnfai- 
tion,  and  is  more  often  used  without  furttier  treatment  than  otherwise. 
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All  Burfiice-watera  contain  more  or  less  nctivp  vegetation,  and  ou 
tliBt  ucruunt  iiiii^l  nlutivit  bv  kvpt  <'X|)nae<l  to  li);lit  and  air,  otlicrwiita 
tb«  tuinntc  |iliiiitfi  will  die,  anil  in  tlieir  decompOGitioD  j^^ivc  rise  tu  un- 
pleaaaiii  i*di)r,  it]){iciimti(;f,  iind  (jiaIc.  Htora|i;«  ronervoirs  ■<hould  hnve 
HiifficifRt  depth  to  prevent  tbe  water  frum  huconiinj^  licntcd  to  un  un- 
pleasant degree  during  the  warm  luontlis  of  summer;  iu  shallow  reser- 
voirs thi»  ID  found  to  he  a  common  i>ccurrenee. 

,  All  Bourees  of  surfaee-water  for  public  supply  should  be  carefully 
gtuinh-d  aKiiirwt  »^'w«ei;  coiitnuiination.  It  is  oftwi  nec<«.tary  to  swiins 
protection  from  pollution  by  taking  great  tracts  of  land  and  keeping 
tfaem  free  from  human  luiliitatiuus  and  iitduritrial  plant.'). 

3.  aROUND-WATERB. 

Some  large  eommunities  and  many  small  ones  where  no  suitable 
bodicn  of  Mirfact;-wnt4.-r  are  aviiiliihlc  fur  public  supplies,  and  most 
tbtnty  settled  districts  which  do  not  admit  of  public  wat«rworks  depend 
nix>n  ttw;  gn»und-water  an  the  source  nf  supply.  For  public  di.stribu- 
lion,  thf  water  thus  derived  i^  sloreil  in  suitable  reservoirs,  which  often 
must  be  covered  in  order  to  exclude  light.  fJronnd-water  is  destitute 
of  plant  life,  but  ik  gencrully  more  or  less  rich  in  mtncrul  constituents, 
nitrates,  and  lime  salts,  for  example,  which  constitute  appropriate 
plant  fi'iKl.  If  exposeil  t<i  air  and  light,  vegetable  growth  may  start 
up  and  become  very  luxuriant  and  give  rise  to  unpleasant  tastes  and 
repulsive  oduiti,  while  exclusion  of  light  and  air  prevent  ihedilhcuJty. 

For  individual  domestic  supply,  storage  is  not  oniinarily  necessary, 
the  water  being  obtained  only  as  immtKliately  needed  or  pumped 
pcnoditnlly  into  small  distributing  tanks. 

In  general,  unpoIliUcil  ground-water  of  not  excessive  hardneoB  is 
preferable  to  surface-water,  on  luicount  of  tlie  greater  exposure  of  the 
latter  to  the  many  risks  of  pollution.  But  it  must  be  borne  in  mind 
that  all  Murecs  of  supply,  both  surface-  and  ground- waters,  may,  under 
one  condition  or  another,  be  liable  to  polluting  influences,  and  that  the 
cunditioiis  prevailing  in  one  locality  are  likely  to  be  (|uit«  difl'erent 
from  those  in  another. 

Ground-water  is  obtained  from  springs,  or  by  eiakiog  wells,  or  by 
coDstriicting  lillcr  gidtcrics. 

Springs  are  merely  local  oulcroppings  of  the  water  table  and  are 
very  suhjeeL  to  variations  in  the  vuhuue  of  outflow.  In  time  of 
drought  they  sometimes  oease  tbcir  flow  completely  because  of  fall  in 
tlic  Wcl  nf  the  ground-wnu-r,  and  lliis  may  happen  even  in  the  case 
of  those  located  at  the  foot  of  high  hills  or  mountiuus.  The  popular 
mind  endows  springs  with  a  remarkable  and  unvarying  degree  nf 
purity,  but  they  sliurc  with  other  waters  the  likelihood  of  bec<)min|4 
polluted.  The  ]»ossibility  of  contamination  after  and  even  at  the  point 
of  Ltsuancx!  from  the  ground  is  t<K>  often  overlooked. 

Springs  are  common  to  some  locahties  and  rare  in  others  of  similar 
contour,  tiu;ir  pre.'^-iice  or  aUtenue  Wing  determined  by  conditions  not 


WATHR. 

of  th«  stirfaoe,  but  of  tlte  geological  formntionfl  bolow.  In  F^.  2S  ml  I 
26  are  shown  in  profilo  two  <]fpiv««ioiii(  having  the  same  coohiur,  bal ' 
with  very  difft-rcot  arrna^meat  of  the  underlying  fltrata.  Id  Fi|.KJ 
the  formation  favon*  tljv  outvrojiping  of  spriags ;  iu  Fig.  2fi  til*  <ipp 
site  ie  the  cose. 

Fid.  3& 
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Wells  mi\y  be  chi^sfd  m  dug,  driven,  nnd  ItorM.  SomPt^nMs  the 
are  divided  aUo  into  lieep  and  sha/low ;  but  these  t«rois  aa  a  boni  < 
cliissifi'uition  are  of  doubtful  iililit}',  sinee  there  oah  he  no  gonerul 
lueot  OS  to  the  liue  of  division  lietween  them,  and  bccatise  of  the  i 
scnoe  of  any  necessarily  distinctive  peculiarities  in  tlie  water 
by  ordinary  wdU  of  difliTent  dt'iiths.  It  is  not  iincommoD  to 
with  general  statements  that  the  wat«r  of  sliullow  wells  is  dangeroiaj 
health  fliid  should,  therefore,  lie  avoided,  and  lli.it  nil  :«hnllow 
should  be  condemned  and  fiilefl.  As  will  be  seeu,  however,  sti 
welU  are  not  necessarily  dangerous,  nor  are  deep  ones  always  taSt 
reason  of  mere  depth. 

lly  some  writers,  the  tt^'rm  <lrep  applies  to  wells  which  obtain  UmI 
water  from  twiow  the  first  impervious  stratum,  ihnHigli  and  bew 
which  they  have  bei'o  extciulod,  while  the  term  shallow  applies 
those  which  draw  from  what  we  designate  aa  the  groond-vrater,  that  il| 
that  collected  over  the  stratum  above  mentioned,  regardle.is  of 
depth  at  which  it  lieji.     With  (hf«o  meanings,  It  follows  thata  iditlli 
well  may  extend  farlhcr  downward  than  another  ela^seil  as  deep. 

The  onliniu-y  dug  well  i.*  a  hole  dug  iu  the  soil  down  a*  farMl 
DPceswr"  *^^«ch  water,  and  lined  with  brick  or  t^tone,  or  better,  wil 
cnrthcr  '         ^  large  diameter  made  for  the  purpase  in  gba 


I  »e4-iirr  good  Joinbi.     A 11  brick  wid  stone 
I  should  be  well  bitMed  in  cem«nt,  exci'pt  near  the  botioin,  and 
iMmld  he  fac«d  with  the  name  miiterial   throughout  Ihclr  ii|)]icr  ptirt. 
Om  inipcr\'io«»  lining  is  ni-cvtuury  for  the  prcvt-nlion  of  the  cutnince  of 
pihee  washiDgs,  but  it  ia  verj'  generally  the  caflc,  in  mnie  [lartii  of  Uio 
lOBiitTy  at  k'Xfly  that  tim  well  is  lined  very  simply  with  Ik-Id  litoncs, 
iritbout  i:«nient,  not  for  the  parpose  of  ensuring  freedom  from  flurface 
nnritie»,  but  to  prevent  the  sidcn  from  niving  in.     With  a  proper 
,  ito  flarfnce-water  c^an  enter  until  it  has  passed  through  a  depth 
anffieient  to  insure  prop<:-r  (iltration  and  purliirfttion. 
Ldug  well  should  not  be  led  open,  but  should  \)v  closed  completely 
.  the  entrance  of  dirt,  leaves,  and  aniraaln,  fluch  a»  toadit,  moles, 
,»aA  nUs.     The  cover  i^houhl  Ik-  snpportwl  on  a  well   set  curb, 
Iraffidentlv  tight  to  prevent  ilie  return  of  water  spilled  or  allowed 
I  to  waste.     A  nmnliole  with  il  trapdoor  should  Ik^  provided  ns  u 
I  of  inspeetion  and  cleaning. 
Pot  l)Hitging  the  water  to  the  snrfaoe,  punijtH  should  be  um-A,  and 
:  buckets  worketl  by  windlass  or  wcIl-swcep.     In  countrj'  districts 
ticomnion  practice  to  ufti> buckets  made  fn>ni  kegs, originally  used 
lEontainera  for  while  lend.     It  Is  Imnlly  nco^-mary  to  cnll  attention 
jlithe  bjnry  which  may  be  caused  by  llie  use  of  such  vessels. 
'    IV  pump  mny  slund  directly  in  the  well  or  avrny  from  it  and  con- 
jiMtUd  therewith  by  menus  of  a  pijie  running  laterally  and  downward. 
llfeUllcr  in  the  Ix-tlcr  way,  H"  any  water  u]i.->l('d  »l  the  ])Uinp  is  pre- 
*in«l  by  location,  if  by  nothing  else,  from  running  back  into  the  well, 
Md,  moreover,  the  covering  of  the  well,  if  of  wood,  is  uot  oontlnnally 
Rbjtcted  to  wetting,  which  promotes   its  dcoiy.     The  bi'st  form  of 
lis  th<-  simple  lifting  pump,  made  of  iron  or  of  wiod,  and  con- 
;of  an  evenly  Wri'^i  barrel,  closed  at  the  lower  purl  by  ii  viilve 
Bug  upwards,  and  s  piston  containing  another.     The  upward  stroke 
:  (riHon,  by  producing  a  vacuum,  causes  tin-  water  to  jxtss  (brougli 
iWer  valve,  and  its  downward  stroke  forces  the  water  confined  in 
jbarrel  through  tlie  U])(»-r  valve,  and  then  the  suceeecJing  strokes 
^wd  disduti^gw  it  continuously.     The  old-fiishioned  ehiiin  ptimps 
;  be  used  without  more  or  less  chance  of  exposure  to  direct  con- 
ation from  above. 

■  action  of  the  wind  ia  very  commonly  employed  as  a  labor  saver 
|pillB|iing  water  not  only  from  the  well,  but  upward  into  reservoirs 
[£s^bu(ing  tanks.      I'or  this  purpose  a  variety  of  wind-milts  have 
I  mmenteid  and  put  upon  the  market. 

'  ire  also  a  number  of  makes  of  hot-air  engines  that  arc  wry 
and  not  unduly  exjtenBive. 
wella,  otherwise  known  us  "  Norton's  tidw;  wells,"  "  Ameri- 
•nd  "  Abyssinian  ''  wells,  are  made  by  driving  iron  tubes  of  a 
vwn'ing  from  1{  to  -I  inches,  according  to  the  needs  of  indi- 
Innrn.  ioto  the  ground  until  water  is  reached.  The  tirst  lenj^lh 
Irinn  jo  is  provided  with  a  ))oii)tt-d  perforates!  foot  through  which  the 
Mo-  raters  the  tube.     When  this  length  is  driven  suflicietitly  l»r,  an- 
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other  is  scrowctl  to  it  and  the  drivinf;  w  coiitiniied,  new  Ivngths  being 
screwed  on  aa  neiieHitary.  When  water  is  reached — and  this  ia  aaoer- 
titined  l>y  m[.itn»  of  u  wci);hUH]  8trin)r  U*l  down  iiiHide  iho  Ui1r>  from 
time  to  time — a  pump  is  applied  and  the  water  lifted.     The  first  tliat 

enmc.t   contain!*  itaiid   '>r   fine 
^o.  37.  f^vcl  and  dirt,  and  as  this  is 

more  and  more  removed  from 
below,  n  pocket  is  formed  whtob 
conetitutefl  an  undergmuiid  rcs- 
■Crvoir. 

Bored  welU  diifer  but  little 
from  tnbe  wcUw  ;  in  fact,  tliey 
are  practically  the  same  except 
in  the  method  of  their  making. 
They  are  drilled  or  bored 
through  solid  rock  and  oilier 
strata  and  are  lined  or  not  with 
iron  pipe,  backed  with  oemeat 
according  to  circunx^taoces. 
Theircost  is  much  greater  than 
that  of  the  ordinary  AliyH^-inian 
well,  since  the  labor  required 
is  much  greater.  Sometimes 
it  is  iK'ci'jDMiry,  after  proceeding 
fie%'eral  hundred  feet  with  no 
NnrMn  tub*  vdt.  rejiiillK,  to  n>ifort  to  bliiHting  ut 

the  bottom,  BO  88  to  shatter 
the  rock  and  form  waterways  to  the  well. 

It  is  Melf  evidt-iil  that  welU  of  tlicM-  two  kinds  last-mentioned  can- 
not, under  ordinary  clrcmnstanccs,  become  contamiimted  with  surface 
wachingM.  Both  form^  are  very  commonly  u^^rd  not  only  for  individ- 
ua],  but  for  public  supplier.  In  the  latter  cose,  they  are  driven  in 
groups,  or  "  gangs,"  the  .size  of  which  varies  according  to  the  amount  of 
wjit4;r  rc<)uired.  Increusc  in  domnnd  mnst  be  met  by  exteui^ion  of  the 
system  rather  than  by  over-forcing,  for  the  latter  will  eauw?  an  nndu« 
lowering  of  tlie  water  level  and  lend  i<innigly  to  bring  water  down- 
ward from  the  upper  strata  at  such  a  rate  as  to  preclude  the  piiriKea- 
tion  whieli  normiilly  U  lironght  about  hy  the  saprophytic  bacteria  of 
the  soil. 

In  th(>  cjii*p  of  an  ordinary  well,  the  bottom  nhonhl  be  citnuidenibly 
below  tlic  level  of  tlic  ground -water,  so  that  when  this  falls,  the  well 
will  not  run  dry,  and  also  because  the  ferther  the  withdrawn!  hy 
pumping  curries  the  level  of  the  well  below  that  of  the  water  table,  the 
faster  will  be  the  flow  toward  the  well,  and  the  greater  the  supply 
iinniciliatcly  av.iilublc.  But  deepening  a  well  hr  the  purpose  of  in- 
creasing the  Biip])ly  sometimes  has  the  vcrj'  opjmsite  effect,  and  may 
even  cause  it  to  run  practitnlly  dry.  Sup|io;*e,  fur  example,  the  im- 
porvioiu  layer  la  underlaid  by  a  thick  stratum  of  coarse  gravel,  and  in 


I  tfe  water  U  ander  hydrostatic  prt^Siture  Bufficittntlj*  strong  to 

tD  the  siir^u^,  or  nt  U-tutt  tu  a  point  iiearly  bs  high,  tliv   riM 

opoD   the  height  reached    by  th«  water-bearing  stratum 
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in  higher  Innd  cWwhcrc.     In  Fig.  29  »  ^own  a  fonottioii  &vij 
able  to  th<.>  obtainii^  of  vmtcr  by  mcaDs  of  ih'ia  clues  of  weUs. 
water  in  iho  soil  alxivi'  ihff  first  layer  of  clay  may  be  reached  by  i 
iog  noils  of  Ui?  ordiiiiiri'  kinds.     Below  this  is  u  »ecuD<I  supplyi 
fiatKl  Ijetwoen   two  impervious  iitnita  inclining  upward.     The  tug 
this  formiuion  extends  nbovc  the  l«vel  of  the  outlet  A  of  a  vrell  su 
into  it  at  that  point,  the  greater  will  be  the  pressure  at  B  and 
higher  tlic  rise  of  the  wnter.     Thus,  if  it  extends  iijuvanl  to  C,  fori 
ample,  tlie  water  will  not  simply  fill  the  tulie,  but  will  be  thrown  : 
disUineu  into  the  uir. 

Id  some  cases,  although  the  head  developed  isvery  oonsidenbl^l 
water  will  not  eome  to  the  surface,  l>ocau»cof  theosU'ntof  Icakageid 
the  upper  pervious  strata  of  the  soil, 

Someiimett  the  wells  are  ei^nnected  with  true  underground  rii 
and  somctimct;  with  apparently  inexhaustible  reservoirs  which 
held  tJie  water  in  storage  for  ages.  Sometimes  they  derive  llieir  ■ 
from  tissuroK  dniining  away  the  water  of  surGice  rivcra  and  lak»,i 
proven  by  the  occasional  occwrrence  in  the  overflow  of  small  &Ji 
eye*. 

Artesian  wells  have  been  known  in  China  and  Egypt  from  ■ 
ancient  times,  and  cenliirie.ti  ago  they  were  introduced  into  the  [ 
inc<e  of  Artois  (Arteslum)  from  which  their  name  is  derived.  Theyi 
exoefitiiinly  riniiierous  in  the  wfstern  and  (wuthwestem  part,*  ofl 
United  Stiites,  wlit're  tliey  have  produced  enormous  n^siilts  in  codm 
ing  arid  waste  lauds  into  fertile  farms.  Some  of  them  are  exceedtn 
deep  and  puss  tliroiigh  stratum  afU-r  stmttim  of  difiercut  for 
before  water  is  reached. 

Since  the  temjM'ralnn-  of  the  earth  increases  one  degree  Fahr 
for  about  55  feet  of  depth,  it  follows  that  water  from  tlicse  very  i 
wells  is  materially  warmer  than  that  from  the   upper  subsoil, 
tiuetly  hut  water  from  deep  sources  is  rarely  fit  for  ordinary  daat 
purposes,  because  of  the  lai^e  amount  of  mineral  matters  present  n  ( 
lution  by  iryison  of  the  greater  solvent  [tower  of  water  when  hot  i 
when  cold.     Thus  they  acquire  an  abundance  of  salts,  which,  taken  in 
the  body,  influence  it*  functiotis  and  aet  as  medicines.     The 
of  organic  matters  is  of  importance  on  account  of  their  reducing 
The  sulphuretted  hydrogen  so  common  to  mineral  springs  i."  duet*l 
actJon  iif  these  matters  on  sulphates. 

Irrespective  of  the  changes  wrought  by  increased  temperature,  I 
water  yielde<l  by  this  class  of  wells  varies  very  widely  iu  elianctcr. 
may  hear  no  resemblance  whatever  to  the  other  waters  of  the 
district,  nor  is  thei*  any  reason  why  it  should,  for  the  condilion9<j 
the  surface  and  ut  points   hundreds  of  feet  below  are  quite  difTw 
Moreover,  one  cannot  know  how  far  the  water  ha.n  iravelwi  fn.ini  wh 
it  originally  entered  the  soil  to  the  point  where  it  makes  tta  escape. 

Of  waters  from  four  such  wctls  stink  within  the  limito  of  the  cit 
.Boston  to  deptlis  of  from  870  to  '1,'iO'A  feet,  two  were  extensively  i^ 

•gnated  with  common  salt  luid  other  mineral  matter,  ooe  was' 
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I  ID  both  vegetable  aiul  mineral  9ul»lanoo),  nnd  the  roiirtli  wus  rich 
■  both  thftw  luid  ^iiljilmnctttii  liytlniigtii. 

DniBAg*  Ar»a  «f  WsQs. — As  to  the  amount  of  soil  which  i»  (Iniiiii.'d 

ly  a  well,  there  csin  be  no  genenil  riih>.      It  w  ootiiiuutily  asserted  that 

tir  Bmount  dmincd  may  be  dcEcribed  as  an  inverted  cone,  having  the 

hottom  of  tlic  u-ell  as  iti<  a\wx,  nml  a  haHe  with  a  ru<liii»  cqiml  to  twice 

Atdeptli  of  the  well.      But  nuieh  depends  upon  the  nnlure  aud  eon- 

BpmtioD  of  the  surrounding  soil,  and  tlic  extent  to  which  piiuijiing  is 

nninl.     If  the  tt»\  be  Nindy  and  open,  the  buse  will  be  much  lai^^ 

dnm  if  it  be  clayey  and  close.     If  extensively  pumped,  thi'  wfll   will 

Jnin  a  greater  area  than  if  tlie  dommxln  he  itiodenite;  in  fact,  the 

MDOom  of  water  removed  by  pumping  has  a  greater  influence  in  de- 

tonkiiiig  the  drainage  area  ttmn  men?  deptli.     But  otiier  things  Ix'ing 

MjmI.  the  nature  of  the  water-bearing  stratum  determines  the  distance 

t>  which  the  measurable  influence  of  pumping  ij*  felt. 

PBUntton  of  WcUi. — In  ^iieral  it  muy  be  stated  that  as  between 

P' wDi  of  diSerent  depths,  the  shallower  arc  more  Hahle  to  pollution  than 

^  fte  deeper,  bcmiMO  of  the  fact  that  the  latter  huvc  the  advantage  of  the 

'•  IptUer  opportunity  for  perfect  filtration  through  the  soil.     But  both 

m  liable  to  pollution  by  unoxidijtwl  mattera  whicli  enter  the  soil  be- 

bw  the  upper  few  feet  in  which  the   nitrifying   organisms  ali-eady 

KN&ned  to  are  found,  as,  for  instance,   from  leaching  ces^^xjolii  mid 

facing  drains.     It  is  a  practioe  only  too  common,  even  on  estates  of 

<mnieRilile  size  where  the  excuse  of  limited  area  cannot  obtain,  to 

rlxale  the  wwll  and  tlie  cesspool   very  near  together.     To  avoid  the 

rity  of  having  to  remove  the  contents  of  tlie  oesfl|K)oI  as  occasion 

when  ihi.'i  rwvptaele  is  mndc-  wiiter-tight,  and   to  avoid  the 

attending  this  kind  of  construction,  the  bottom  is  generally 

Lopen  ao  that  the  hnii>e  sewage  may  drain  away  into  tlie  mirround- 

lu).     Connection  between  the  cesspool  and  tlie  well  may  take  con- 

tiin«  or  may  occur  <)nickly,  Imt  once  eslablish«l,  oontnmina- 

igon  on  uninternipledly.     Often  it  happens  that  the  direction  of 

iow  of  filth  through  the  soil  is  wholly  away  from  the  well,  and 

ioation  may  never  occur ;  hut  this  is  u  point  tliut  can  uuvcr  be 

nined  in  advance. 

tiaaoommon  belief  that  if  the  vicW  Is  localcil  in  higlier  ground 

Itfcetteapool,  there  can  be  no  danger  of  pollution  of  Its  w:iter.    This, 

ia  a  RMtft  fallacious  proposition,  for  it  in  not  so  much  the  lo- 

lof  the  outlet  of  tJie  well  that  determines  tlie  pn^sibillty  of  pol- 

,afi  the  relative  position  of  the  oessixiol  and  tliL>  point  where 

Bvator  oiten  tl»e  wi?ll.     In  Fig.  .311  is  illusfnit<'ii  the  ninuncr  in 

the  supply  yielded  to  a  pump  placed  at  a  point  considerably 

the  location  of  the  cewtpool  is  <lirectly  polluted  by  the  li<iui<l 

I  iamiug  from  tlK  latter.     Again,  the  geological  formation  may  be 

<  that  a  Mmpool  on  higher  ground  tluin  the  nearby  well  will  have 

mllneuce  on  the  purity  of  the  water.     Thu-i,  ii  ledge  of  rock  may 

up  U-twe^n  iheni,  as  shouii  in   Fig.  .'11,  and  divert  the  flow  of 

ling  matters  away  from  the  well. 
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Id  locating  wells  and  oeaspoola,  property  ownera  not  Inrre^uently 
loMc  Bight  uf  ihv  tiicl  tlint  whilo  thej  can  i^ivcni  tlio  cli^jKisilJuii  uf  the 
aurfiice  of  their  resjveetive  estatcfl,  the  comlilions  that  obtain  in  the  fwil 
below  are  (jmiv  hM'orKi  thi-ir  »^uiitrul.  In  conNcqiienoe,  th«'y  may  nt- 
tempt  to  guard  ngainst  pollution  of  their  own  water  supplies  by  their 
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Hd*  k  V*111i»*M>1  on  hlfh  CMunil  n»T  bapollutM  bf  iLBeaDWnU  ur  amapool  lo*er  do*n. 

own  excretory  producti^,  without  regarding  the  possihility  of  oont&mi- 
nntion  l»y  those  of  iheir  neighbors. 

The  water  of  newly  <hig  well*  is  often  of  audi  a  diameter  as  to  lend 
to  the  [KThaps  false  conclusion  that  it  is  probahly  polluted  by  sewa^. 
It  is  peneruMj-  turbid  and  may,  on  analysis,  yield  n.-«nlw  which,  in 
oaae  the  analyst  has  not  full  iuforiuatlon  coDcemiog  it,  may  seem  to 
warrant  a  eondi'mnatnry  report.  It  may  yield  figures  indirjiling  a 
high  content  of  organic  matters  which  may  disappear  a«  the  use  of 
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the  water  becomes  established.  It  may  even  show  undeniable  evi- 
dence of  the  presence  of  human  wiwtcs.  f<ir  those  engaged  in  the  di^ 
ging  and  the  stoning  may  Ik-  more  interc-stod  in  the  completion  of  the 
work  than  in  the  perfect  purily  of  the  supply,  and  may  be  disinclined 
to  go  up  to  the  8urfa<H!  for  Uie  purpose  of  relieving  tlie  calls  of  os- 
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On  all  accounts,  therefore,  it  is  better  to  an-nit  \hf.  rc^ulti;  of  a 
exaniinatkiR  than  to  coiidcniii  ani.1  almiidoD  too  biislily  a  supply, 
withia  a  short  time,  may  prove  to  be  of  esccplioiml  ptirity. 
'  deep  welU  may  bwrmit'  liadly  jKiiltiU'd  by  filth  wliicli  gains  ac- 
<tv  lltMti^h  open  channel -ways,  as  fissures  in  rock.  A  good  c-xampU'  of 
ttuE  id  recorded  in  the  Sanitary  InspoMor  for  l)i!CA-mbiT,  189G  :  A  well 
Inred  .VX)  feet  inb>  red  Mindi^tunc  drained,  through  tisstires,  all  the  Bhal< 
Icpw  wdb  in  the  vicinity.  These  heiiig  of  no  iiko  nq  wcUi*,  wcrcr  thtn 
otiliiKl  »A  c>-i*?>[iooU,  t<,nA,  draining  iigiiin  through  th<!  fissures,  caused 
ttt(n?ll  to  become  so  foul  that  it  had  to  be  abandoned.  Dr.  A.  C, 
BoDston'  show.s  how  (l<H-|K-n!iig  a  well  mny.  in  a  isitniliir  uuinncr,  cause 
ah  nia.  A  well  of  pure  water,  1 1  4  feet  deep,  was  deepened  by  fiir- 
llbtT boring  to  294  fe^'t,  wh(.-ri  iti«  yield  ujih  ihen  foiiixl  to  Ih-  impiirv. 
|Ali  distance  of  800  feet  was  an  old  quarry,  into  which  drained  the 
pngeof  '!■>  persons.  Hy  fi.'<flures  in  t\n:  i^andstoue,  this  n-iic-hi'd  tin- 
'mer  ntnttiim  tapped  by  the  exteiisloti  of  th«  well  and  thus  spoiled 
llbfTaier. 

l)aiir*vHiiit  of  the  pomihilily  of  cvjntuminutiuii  of  shallow  wells  by 
Ae  entrance  of  sur&ee  wa.ihings  from  above,  Koch   recommends  that 
In-  plansl  in  piwitiou  so  as  U)  mw\\  the  wattrr  t^tratnm  ami  that 
the  welU  be  filled  up,  first  with  stone  and  coarse  gravel,  ami  to- 
tbe  top,  for  at  Kii^t  )>ix  feel,  with  fine  itniid.     By  thin  ])rri('(-diire, 
[I  is  convened  really  into  an  Abyssinian  well,  and  is  quite  ax  well 
1  fr<>m  sitrliu'c  oon  lamina  lion  at*  though  it  had  l>een  originally 
iT«i  insteaii  of  dug. 

Rler  Galleries. — A  filter  t/alUrit  is  a  lar^e  underground  tunnel 

ik  |Bn>lIel  to  a  river  or  lake  and  near  to  it ;  it  is  in  reality  nothing 

than  a  hori&intal  well.     The  idea  which  led  to  their  etmstructiori 

lint  in  thi<  way  the  river  water,  perciilating  outwiird  Ironi  itj<  heil 

the  soil,  would  be  secured  in  a  filtered  state  and  would  ac- 

liate  in  the  underground  n-jH^rvoir^.     Although  thi.'t  method  of 

water  has  been  altcudeil  by  most  excellent  results,  the  fact 

that  the  Wilier  so  ci>I!eete4l  eoinea  not  from  the  river,  Imt  from 

granod  on  itK  hither  side ;  tlial  is  to  say,  it  is  the  ground-water  in- 

on  lUt  way  to  the  river. 

wBter  of  a  river  does  not,  exeojit  under  uuu:<ual  eonditione, 

outward,  for   the   silty  matters   deposiled  in  its  flow  clog 

intntticv^  in  the  noil  of  i(»  Iwd  and  hank-i  and  act  aa  a  valve 

its   egress.     Tlte  ground-water,  flowing  to  the   river,  finds 

*iy  in  through  the  silt,  which  given  way  inward  againnt  the  side  of 

rcststanoe.     Thus  the  silt  yi^ds  tt>  ingress  and  is  a  bur  to  <^re^ 

tf  »3tiT. 

IV  Gut  that  the  flow  of  ground-water  i:^  toward  rather  limn  away 

rivcfs  and  otiier  large  bodies  of  water  is  well  shown   by  the 

lliat  frt«h  wnter  is  olttuiniihlv  from  wells  sunk  in  elose  pniximity 

water  mark  on  the  seacoast.     Such  may  be  not  even  ^liglitly 

,,  thougli  EOtoctiRHv  tliey  arc  dL^tinctly  so  by  haokwurd  diffu- 

*  EiUnboroajih  Mnlind  Jouma],  Not.,  ISM. 
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aioD  of  the  aalte.     In  the  latter  oh,  njmoi'al  n  Abort  distanee  baet 
uTird  ohvinU'.t  the  difliciilty. 

That  the  water  dcrivwl  from  a  filler  gnUcrj-  in  not  diw  U>  push 
lion  from  the.  river  along  which  it  lira,  is  further  proved  hy  thcfncl 
(liflereniw  in  ouniposition  ami  especially  in  hardiH'vs. 

Gla33ificatioa  of  Waters  from  the  Sanitary  Standpoint. 

• 

From  the  standpoint  of  whntecionieDejis,  waters  may  be  divide*!  i 
two  c1iiHt>t's:  1.  Thosp  free  from  sewage  coulnmiDatiOD.  2.  Tko 
polhited  by  sewage. 

Unpolluted  wat«rA  are  not  ucoessarily  suitable  for  domestic  vat, 
scnting,  as  they  do,  wide  variations  in  character.  They  may  be  da 
colorW^,  odorles.f  and  |)alatnble,  and  contain  hut  little  organic 
mineral  matter ;  or  they  may  have  high  color,  ttirbidtty,  diMUgrceali 
odor  iind  ta^ttc,  and  a  high  content  of  di.^imlved  and  susjiended 
HtJiucefi.  A  water  which,  hy  reason  of  appeamoec,  odor  and  la^te,  <i 
for  iostanoo,  to  luxuriant  growth  of  algie  or  other  forms  of  lifr,  il 
|>|]^nuiil  to  tbr  senses,  camnot  Iw  reeoratriMKUil  for  um;,  although  i 
capable  of  producing  a  sjiecific  disea^.  Such  an  one  n?<|uins 
(jhi-micftl  niiiily.'sis  to  detcnnini'  its  filne.>«,  the  evidene*  of  the  sou 
being  quite  sufficient. 

Unpolluted  wftteis  fret?  fmm  such  (lualitiai  as  render  them  repn 
nant  lo  the  senses,  and  of  low  content  of  or^nic  uml  mineral  matte 
are  suitable  for  general  puriHfc*e!»  witliout  regard  to  their  claBsifirad 
as  surface-  or  soil-waters.  But  in  gcuonil,  it  is  commonly  held  diat 
unpolluted  soft  ground-water  of  good  composilton  is  preferable  to  ( 
of  snrfiice  ori^'n. 

Polluted  waters  may  be  divided  Into  tvro  classes,  according  u  I 
pollution  i.4  direct  or  indirect.  Direct  polhiiion  by  ^ wage  is,  it 
hardly  necessary  to  say,  of  prime  importance,  because  of  the  danger 
transmission  of  specific  diMtascus  and  of  lowering  the  phy.siohi^cal 
sistance  of  the  system.  But  even  direct  pollution  may  be  pncKluod 
of  no  harmful  results,  provided  sufficient  lime  elapses  between  the 
trance  of  the  .sewage  nt  a  given  point  «n<I  the  n.*e  of  the  water  at« 
tencc  to  permit  of  the  disposal  of  the  noxious  elements  by  naUiral  nr 
flBses.  Thus,  a  volume  of  sewage  entering  the  upper  part  of  u  w 
syi«tem  of  ))«blie  supply  may  not  roach  the  dUtribuiing  pipes  for 
«nil  months,  during  which  time  iU  dangerous  igualitiejs  will  haw 
appean'd.  Notwithstanding  this  fact,  however,  direct  poIlutioD 
driiikiug  water  sliould  be  prevented  by  a)l  means  available,  on  aooo 
of  possible  risk  and  even  on  tcsthctic  grounds  alone. 

Indirei't  [H>ilution  is  of  far  less  importance  than  direct.  In  indi 
pollution  theoi^nio  mattere  of  the  sewage,  including  bacteria,  are 
tered  through  the  soil,  in  which  they  are  held  back  mechanically 
more  or  less  completely  oxidized  before  tiio  containing  «-ater 
its  ultimate  destination.  As  to  wliat  may  be  called  a  safe  limi 
distance  from  sources  of  pollution,  no  fixed   rule  can  be  made : 
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ease  moat  be  judged  according  to  ita  own  ciroiiinstaiiCM.  The  ttuil  lu 
•  whole  has  enoriDoiiH  capacity  for  purifying  water  of  its  contained  or- 
ganic substancot  und  bactcriu,  both  by  mirhniiiatl  ri'li-ntidti  and  by 
oxidntioii  processes  ^et  in  motion  by  the  bacteria  which  inhabit  iL 
But  all  soiU  liave  not  thin  power  in  uii  i'<tiiikl  <)o{^ree,  arul  the  conditions 
favorable  to  iu  exerciae  are  not  always  present  to  the  same  extent. 
Thv  soils  mo»t  favomble  f<>r  iH^rfi^ct  filtration  and  purifiration  arc  nandy 
and  ;;rave)ly  ;  in  these,  the  water  le  exposed  In  thin  luyen;  on  the  in- 
dividiinl  grninit  In  the  air  in  ihe  iiiurstice^.  The  latt^-r  muiit  be 
neither  too  coarse  nor  too  tine.  If  too  coarse,  the  piii;>>nt^  of  water  is 
too  rapid  ;  if  too  Rne,  iioi  enough  air  can  be  pre^cut  at  the  same  time. 

The  organisms  are  found  only  io  the  upper  few  fcut  of  m\\,  and 
at  is  ber«  aUn  that  the  contained  air  in  rloheiit  in  oxygen.  When  the 
DMSanry  conditions  for  liltmtiou  nre  pri^scnt  in  a  given  soil,  the  water 
which  [>ercolates  through  and  reaches  the  grouud-water  is  quite  free 
from  )»ictvrin  of  any  kiud,  even  tliuugh  the  surface  in  oxtynsiwly  coa- 
taminated.  Where  the  soil  is  very  open  and  permeable  to  water  or 
fiNfun.-^],  |Ktlhi[ing  niiiUrrialrt  may  pass  through  ho  rapidly  ttuit  th«y 
undergo  but  flight  change  on  the  way,  while  with  a  not  too  fiuo  soil 
Uirough  which  water  ]ia!ii4es  witli  alowno.sN,  purillcatiou  by  bacterial 
action  may  be  completed  within  a.  very  short  distance. 

Again,  there  may  be  greater  safety  at  a  point  quite  near  to,  but  on 
one  side  of  n  center  of  pollution,  thnn  at  another  at  a  considerable  dis- 
tance away  on  the  other  side,  owing  to  the  direction  of  the  flow  of 
water.     Thus,  in  F^g.  32,  the  point  8,  located  quite  near  the  \to\at  of 
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entrance  of  the  polluting  material  P  into  the  soil,  is  far  better  situated 
in  respect  to  jHi^iible  cniilaiuination  of  water  by  /*,  than  llio  point  D 
ou  tile  other  side  but  farther  away,  since  tiic  movement  of  the  water 
in  the  soil  is,  as  indicated  by  the  arrows,  from  S  toward  I>,  and  all  im- 
purities entering  between  the  two  niovt:  fn>ni  the  one  toward  the  other. 
Similarly,  the  point  ti  may  stand  in  the  relation  of  [>oint  !>  lo  some 
olbcr  polluting  inlluenoc. 

For  the  deCermioatiou  of  tlie  question  whether  a  given  well  is  re- 
ceiving pollution  from  any  given  point,  recourse  Is  hud  Ut  the  diffusi- 
bility  of  coal-tar  colors  such  as  (hiurcACcin.  An  ounoe  of  this  aub- 
Btanoe  will  impart  a  very  decided  color  to  an  enormous  volume  of 
water,  and  when  it  is  added  to  the  contents  of  a  leuching  ceiispool,  it 
will  accompany  the  escaping  pollution  and  reveal  to  the  eye  the  pres- 
ence of  the  latter  in  any  neighlKiring  well  water.  Pollution  can  thus 
be  traced  aometimea  through  hundreds  of  feet  of  fairly  close  soil. 
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Puriflcation  of  Water. 

Before  proceeding  to  ilie  eonKiilorniioii  of  tueUiodn  cmplovcd  to  bring 
about  piirilieation  of  wster  eiipplice,  n  few  words  arc  ncocs«tr\'  on  the 
fiubject  of  "  Aclf-purification  "  of  surface-waters,  A  river  bIiowh,  for 
inHtunco,  nt  a  pivvn  piniit  in  it«  cniirto  n  cortjiiii  sinouiit  of  impurity  ; 
at  anotlier  point  farther  down,  ibis  is  fonnd  to  be  considerably  lesseoed, 
and  fiirtbi-r  yet  tliv  dimiuntion  is  «til]  niorv  innrkL-d.  This  progrcaNve 
lowering  is  attnl)iit<.-<I  to  the  property  the  water  poaseseeB  of  briogiog 
uboiit  ila  own  piirjfii'dtion.  The  pnu^ioiil  beginning  of  (biji  tbwirj"  was 
the  assertion,  made,  in  181!!),  by  the  British  Royal  Commission  on  Water 
Supplier,  ibiit  "I'Wiige,  dibiled  twenty  tinic.H  i>r  more  by  river  wmer  into 
whieh  it  is  discharged,  will  be  completely  oxidized  before  it  has  trav- 
eled more  tlmn  a  dozen  milest. 

Vive  years  later,  the  Rivcre  i'ollution  Commission  rejiorttd  strongly 
againrtt  thi*  idea  and  oonelnded  that  oxidation  proceed.%  with  such  ex- 
treme slowness,  even  wbeii  ibr  polbiting  matters  arc  vcrj-  largely  di- 
luted by  pure  water,  that  not  only  will  a  short  flow  of  a  dozen  milee 
not  snflloc,  but  ihiit  there  is  no  river  in  the  United  Kingdom  long 
enough  to  aceompliah  the  result  claimed.  It  was  then  believed  that 
whatever  changes  oecur  are  the  combined  result  of  <>xi<lnti(>n  and  *«1>- 
sidonce.  It  ia  ni'w  recognised  that  these  agencies,  assisted  by  more 
important  one.*,  namely,  dilution,  vegetation  and  bacteria]  action,  do 
in  many  cases  produce  very  great  changes,  wlnlc  id  others  the  results 
are  only  juirtlal  and  of  no  especial  value.  I>r9.  R.  Emmerich  and  F. 
Brunncr'  showed  that  in  spite  of  the  large  amount  of  sewage  matters 
poured  into  the  Isar  in  its  course  through  Munich,  the  wafer  after  two 
hours'  flow  bfluw  the  city  was  pmctiwilly  as  pure  choniiailly  as  it  wt* 
before  it  reached  it.  E.  Ouolaux  "  has  shown  the  same  to  be  true  of 
th«  Seine,  and  other  ob8or\"crji  have  proved  it  of  certain  other  rivers 
in  England,  Germany,  and  elsewhere.  On  the  otlier  hand,  opposite 
results  have  been  oblainetl  by  other  workers  in  the  same  field. 

OxidatiOD  undoubtedly  plays  u  more  or  less  important  part  in  some, 
but  by  no  niean^  in  all  caseti.  Dr.  T.  Meymott  Tidy  ])roved  experi- 
mentally that  water  containing  sewage  could  lose  about  half  its  or- 
ganic matter  in  from  six  to  nine  hours  when  made  to  run  one  mile  in 
0MK»  tmiiglis  with  abundiint  :ir'r:iti<in.  Professor  William  P.  Mason,' 
on  the  other  hajid,  agitated  water  in  a  bottle  fastened  to  the  connect- 
ing rod  of  a  bonxonlal  engine  with  a  t«n-inch  stroke  of  76  to  the 
minute,  and  found  that  after  fl,000  concussions  tliere  was  but  a  trifling 
diminution  in  tbe  amount  of  organic  matter.  A  large  mea.iure  of 
purifii-ution,  so  far  as  numbers  of  bacteria  are  conccrnetl,  is  caused  by 
agitation  when  there  arc  solid  particles  in  su!i|)cnsion  in  tlie  water. 
This  has  been  well  shown  by  Dr.  Percy  Fraiikland,*  who  observed  a 
decrease  of  9G.(>o  per  cent,  in  the  number  of  bacteria. 

'  DU-  Clicniiwhcn  Vthtndcrim({pii  do  Ii«rwniu«r»,  Munich,  1878, 
■  Atinutt'x  do  rin-iitiiio  I'li^tmir.  181)4. 
» Wilier  .Siimily.  New  York,  189".  p.  ITS. 
*JoQmnl  u  State  Mcdicint.-.  Janunrr,  ISM. 
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DilotaoD  \>y  ncocss  of  nun,  mvlting  mow.  gixMitid-wArer,  and  other 
clean  influGDts  afiectfi  clientical  ootnpoeitioii  favorabh',  but  at^»i8l8, 
for  11  rime  at  Xvwl,  incn^AO  in  the  niiinher^  uf  pnthngi-nio  and  otJier 
bacteria.  Professor  Kebrchl's'  daily  buctcriulugicul  i-xatiiinutk>n8  of 
river  wnt«r  nt  Pm^M'  proved  that  in  general  the  number  of  bacteria 
increases  with  rising  water  and  is  sulypct  to  very  wid«  vnriitlions 
due  to  a  number  of  caiLaeA,  among  which  he  mentions  changes  in  the 
rate  of  flow  with  consequent  aherution  of  conditions  influvneiiif;  i*edi- 
roentatton,  and  the  influx  of  tem])orary  pilluliona,  such  as  wa§hing8 
from  etrcelH  and  iluny-hcmw.  whirh.  under  wmc  circumslunws,  have 
greater  iuHuenoe  than  the  regular  unclean  iuRuents. 

Sedimentation,  which  mils  liiruierly  thou^lit  to  play  a  ver}'  great 
part  in  the  iniprovement  of  river  u-nters,  acts  to  only  a  slight  extent  in 
tliom  which,  like  the  Iitur,  move  itwifUy.  It  U  favored  by  slowing  of 
tbv  current,  especially  at  the  river  month,  and  when  it  occurs  it  Ime  n 
very  marked  influence  on  the  number  of  boctoria,  enpecially  if  the  water 
be  nmddy.  This  hns  been  iihown  by  Bruno  Kriiger."  wlm,  by  ii  scries 
of  esperimenis,  proved  that  cheraii:ally  indifferent  Bubstancos  in  a  state 
of  minute  subdi^nsion  exert  u  grcnter  intlueiicc  the  more  slowly,  up  to  a 
certain  limit,  they  settle,  while  other  matters  which  act  botli  mechanic- 
ally and  ehcmicnily,  Mich  a>>  lime  and  liiird  wood  iiHlies,  produce  fitill 
greater  efTects.  In  still  water,  as  small  lukeg  and  jxinds,  sedimentation 
go«ft  on  UTiolmtriictcd. 

Bacterial  action  as  a  purifying  agent  is  favored  by  alkalinity  and 
retarde*)  by  addily.  It  may  be  imjmrtant  or  not,  according  to  dr- 
ctimslunces.  l>cstniction  of  putliugeus  by  the  Biipro])hytic  claiw  is 
delayeil  by  dilution  by  unpolluted  water,  which,  as  above  staled, 
fiivors  thfir  iitcrcasc  for  n  short  lime,  aflcr  which  they  nipidly  decline 
in  number. 

Vegetation  wa^  not  takon  into  account  by  the  earlier  observers, 
bat  bos  now  Wen  placed  at  the  bend  of  the  iniportiint  inflncnces  in 
the  proeijsw.  Pettenkofer*  believes  that  the  greater  part  of  self-purifi- 
cation is  due  to  the  growth  of  algin  and  other  low  forms  of  vegelahle 
life,  which  clean  the  water  of  ita  impurities  in  the  same  way  that  the 
higher  forms  tJike  up  and  diwiMiw;  of  ihf  niiinurinl  tuallci^  of  cidtivnled 
land.  This  \new  is  endorsed  by  T.  liokorny,'  who  proved  that  these 
planti^  take  up  nil  manner  of  ot^nic-iuluttanrein  incluiling  volatile  falty 
acids,  amido  acids,  glucose,  and  urea.  lie  showed  that  the  water  of 
tlie  iMtr  contaiijfl  vasi  nnmhers  of  uigie  to  whow  action  much  of  the 
changes  notetl  by  Emmerich  and  Bruniier  were  undonhteilly  duo. 

Methods  of  Purification. — The  metliods  employed  for  the  puri6ca- 
tiou  I'T  wilier  enil)r;ne  : 

■  BulcrinloBriiHrlio  un<I  kriti«:hc  Hiudicn  Qber  dl«  Venioreiiiigung  unJ  SolUilrelnl- 
gnaK  dar  nOw.     An-hiv  fur  Ilygknp.  XXX.,  n.  82. 

'T)i*  phnikalJH'hc  Flnwirkiniif  von  Siiikxlriireii  aii[  di«  im  WiuHir  beflndltckcn 
HUroorcanwDitn,     i^-it^olirifl  filr  llyiricne.  VII.,  m.  8<I. 

■Zar  sdhrtKiniiTiinR  Her  KIubh'.     -Vrphiv  fiir  llyirifne,  XJl.,  p.  200. 

*l*«fc*rdla  ltrtli«ili|[iii>ilc1il«ri>|ilivlinilirGn(lt-r  I'llnnwn  >n  der  SollMmniKiiiig  dor 
FIUmw.     Aiclik  fur  tltgtciic,  XX..  i>.  lt<]. 
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1.  ChnnicftI 
BoiUdj; 


vi< 


trttttnent. 
diEtillation. 


3.  FiiiJ^li'iii. 

1.  Chemical  tr»»tm«Bt  U  employed  to  cause  the  formntion  of  iwnl 
ble  precripitatei  which  wttle  nut  and  nM^cbaiiically  entangle  BUsprailt 
matters,  including  boctcm,  in  their  ilRMwnl. 

Alum,  for  in»1an4--e.  added  to  the  extent  of  a  quarter  of  a  grain  to 
eniin  por  (^iillon  of  n»liiml  wakT  o^ntiiiiiiii};  a  motlenilc  auioQDi  i 
CaCO^,  ia  deconipo§ed  and  torm.^  an  insoluble  gelntiuoUH  hydrate,  W^i 
oumbiniM  with  lUe  oi^nic  nuiti«r»  itiijtarting  <:oIor  and  wetties  out . 
a  flocculent  precipitate,  whieli  entangles  mechanically  the  suspend 
niatterfi,  including  the  bacteria.  Tlie  iwlphuric  acid,  set  free  by 
deoomposiliou  of  the  sail,  unites  witli  the  lime  or  other  Im^^s  pi 
and  lit  thu!i  ueiilrsiijEed,  and  the  calcium  sulphate  tbiiii  formed  carii 
down  suspended  iiiatlent  in  the  same  niiiiinvr. 

"fan  excels  of  almn  is  added,  it  n-ill  neceasarily  appear  in  the  pm 
water  and  be  objectiunable  on  account  of  its  eflecl  on  the  ^yst* 
'fltid  in  the  hath  and  in  ua^inK. 

In  ease  of  deficieiiey  in  CaCXJ^  lime  water  U  .'tometinies  supplied, 
the  same  results  are  thus  obtained.     The  addition  of  freshly  preci^ 
tated  alumina  serves  the  purpose  equally  well,  and  avoids  the  presca 
of  tlie  sulphuric  acid  ro^tilling  from  the  <lea)rapowtio»  of  alum. 

Alum  removes  practically  all  the  haeteria,  as  has  been  proved  by 
and  .\.  lialKiM,'  Proft-twor  E.  Kay  I^nlceMer  and  others.     The  nse 
alum  in  the  purification  of  water  is  not  of  recent  origin :  it  was 
scribed  aa early a.t  Ltt:}0  by  Felix  D'Aroel,*  who  mentions  its  extetuii 
ufM?  in  Egypt. 

Lime  water  or  milk  of  lime,  added  to  water  containing  caldam 
boiiiite  in-lii  ill  Mtlution  by  carbonic  ncid,  cmiww  n  ]iii-<.-i pitatiun  o^^_ 
fonncT  by  uniting  uitb  the  latter.     It  thus  nithdraws  the solven^^^ 
active  service,  cjiuse»  the  precipitation  of  that  which  was  held  invl 
tion,  nud,  becoming  it«elf  converted  to  an  insoluble  substance,  is  i 
precipitated.     So  a  double  precipitation  occurs. 

But  water  tliiis  treateil  is  not  ni^«cssarily  limited  in  its  chani^^  lo 
removal  of  its  excess  of  calcium  carbonate,  for  in  the  precipitation 
this  snl>«lance,  contiiderable  other  matter  may  Iw  carried  down  luecfai 
ically,  and  bacteria  arc  d<^«idcfl1y  reduced  In  number. 

IVrnianganate  of  potassium  is  used  more  or  less,  (Hirtieularly 
wells  in  ludi.t  during  the  prevalcnec  of  cholera  epidemics.  EnM 
IB  added  to  secure  a  slight  pink  tinge  which  indicates  a  slight  en 
This  octJt  a»  an  oxidizing  agent  with  good  results.  For  example,  I 
P.  W.  O'fJorman '  reiatcs  that  during  an  outbreak  at  Midnnjiore, 
number  of  eaw-s,  117,  was  supjtosed  to  have  been  kept  down  by 
UM!.     These  occurred  in  all  parts  of  the  town,  excepting  in  the  Eu 
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{Kan  qiuirtcr  iind  nt  the  jail.  Thi>  former  tianl  vrstisr  which  was 
filtered  or  ImiltKl  and  tiltt-red,  and  at  tlie  jail  espeeinl  care  was  taken 
of  iIh!  MRit«T  i>n[>ply.  Kurtj'-six  piihlic  iirnl  ]iriviitv  Wells  wcru  ilinin- 
fected  with  the  salt  and  the  outhreak  thereupon  ceased.  An  ounoe 
or  ouocc  and  u-hiUr  or  mure,  acoording  to  tliv  siatv  of  the  well,  wnu  dis- 
solved in  a  Imcket,  poured  into  the  well  and  stirred  about.  If  after 
half  an  hmirtln!  watuij^howcda  red  tingi',  it.  wtw  considered  that  enough 
had  been  added  ;  if  not,  more  was  added  until  a  tinge  was  seen. 

In  wnie  ULScf,  however,  in  wliicli  tlii:^  agont  i.t  u!«e<l,  too  muvh  is 
addwl,  and  tlicn  the  fisli,  frogs,  and  turtles,  put  into  the  wells  to  keep 
the  water  clean,  are  killed,  and  the  water  therehv  heooming  putrid,  the 
|i«op]c  arc  driven  to  use  other  perhajis  untwiitcd  water.  On  the  other 
jiaod,  loo  littJe  may  be  added  and  thus  the  desired  action  is  not  pro- 
dticed.  Enough  should  be  udded  to  injure  a  reddish  tinge  lasting 
tvfent)'-four  hoiurs  (E.  H.  I[ankin,  Indian  Medical  Gazette,  July, 
189(i). 

Sodium  hvpocblorito,  "  chloriaated  sodii,"  and  chlorinated  Urae, 
"  chloride  of  lime,"  am  »otnetiine>i  used,  hut  in  the  ease  of  both  not 
without  great  risk  of  imparling  disagreeable  tu»te.  Mont;t  Traube' 
giveti  a  (timple  inetJiod  of  puriRmtion  hv  means  of  the  latter  agent 
which,  added  to  the  extent  of  less  than  half  u  gram  tu  a  hunilred  liters, 
kills  all  hac[*riii  within  two  hoursi.  The  excess  of  the  agent  is  neu- 
tmlii'^.'d  by  the  addition  of  somewhat  \v»»  than  half  tlic  iimoiiot  ofiiuN 
phite  of  sodium,  which,  added  somewhat  in  excess,  does  no  harm, 
since  it  it  soon  oxidizi.'d.  The  claim  is  made  that  water  thus  trutted 
possesses  no  disagreeable  taste  and  has  its  hardness  uot  appreciably 
iDcnssed. 

The  "Woolf"  method  consists  in  adding  a  two-to-three-pcr-ccnl. 
solution  of  salt  decoui[>osed  by  a  curivnt  of  electricity  of  sidlicient 
stirngth.     This  is  equivalent  to  udding  the  sodium  hypochlorite  it«^lf. 

Chlorine  as  such  is  also  somewhat  used,  but,  though  effective,  it  is 
open  to  the  objections  that  apply  to  the  use  of  the  oypochlorileK,  of 
which  it  is  the  active  agent. 

Bromine  also  has  i(ic  advocnteM  as  a  eheinieal  purifier,  Ijolli  on  n 
small  and  on  a  lai^ge  scale.  Sohumburg  "  recommends  u  process  which 
it)  five  wiuutes  is  said  to  kill  nourly  all  of  the  ordinary  bacteria  and 
all  pathogenic  oi^nisms  found  in  water,  lie  uses  u  solution  of  twenty 
parte  each  of  bromine  and  potftssie  bromide  in  a  hundred  of  water, 
one  cubic  centimeter  oi  which  suHiocs  to  steriliiH:  live  liters  of  SprM 
water.  After  five  minutes'  contact,  the  bromine  ia  neutralized  with 
ammonia  and  the  residt  is  u  clwir,  tasteless,  sterile  water.  Very  hard 
waters  and  grossly  polluted  river  and  marsh  waters  require  larger 
amounts,  because  of  the  presemw  of  lime  salts  in  the  former  and  of 
ammonia  in  the  latter,  which  combine  with  the  bromiue  before  it  has 
an  opjjortunity  to  act  as  a  gi-rmicide.  With  such  It  is  necessary  to  add 
enough  of  the  solution  to  produce  a  yellow  tinge  which  will  persist  at 

'  Zwtaclirift  fur  Ilygitnc  iiiiil  Iiif«-lioii«kninkhi:ili-n.  XVI.,  Pl  Hfl. 
'DcuUrho  nit^iciniM'hi-  Wiwlivnuchrifl,  Mnri'li  \,  1897. 
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least  hnir  a  miniito.  In  any  cane,  xrhatcvor  the  nmoiint  of  Uie  bro- 
mine solution  lined,  nn  cqiiul  volume  of  itin(S]>or-ccDl.  ammonia  water 
miiat  be  nddcJ. 

TliJA  priwesti  itt  particiiIftHy  recoranK-ndwl  for  use  in  the  anny,  and 
ill  ill*.-  troi>ics,  for  Hhips'  siijipliei-,  and  for  Individual  Ufie  in  lini«i  of 
epideinia><.  By  this  pro(?ctif,  ii  kilugrani  of  bromine  will  sulBoc  to 
sicrilin-  16,000  litere  of  ordiniirv  water. 

Treatment  vritli  metallic  iron  in  the  furm  of  ttorinp*  and  ]mnoliings 
_  [employed  in  a  number  of  places  in  Europe  with  most  sucocBsful  re- 
mits. The  IwBt  known  of  the  prow.'wca  in  wliieh  tliin  iip-nt  U  em- 
ployed \>i  that  of  Aii<ler»on,  in  whicli  the  water  ii-  delivered  into  long 
iron  cylinders,  on  the  inner  wirfaec  of  which  are  long  eurved  partial 
diaphnigm^  whii-h,  an  llie  Hp|xiratiis  slowly  revolves,  carry  upward  the 
pieces  of  iron,  which  fill  alioiit  a  tenth  of  tlie  vnlnme  of  the  cylinder, 
nnd  caii^c  tliem  to  shuw^-r  cooHtantly  downward  thmngh  the  water  in 
its  passjige.  The  carbonic  acid  in  the  water  attacks  the  iron  and  forms 
ferrous  nirlmnate  which,  wlieu  the  water  is  discharged  into  the  open 
air  and  exposed  lo  its  iiifluoocc,  becomes  oxidiiied  and  converted  to 
ferric  Iivilrate. 

This  flocenleiit  mutter  eiitaufrlc*  inncU  of  the  organic  matters,  io- 
cltiding  the  bacteria,  and  then  the  whole  is  passed  through  isund  GIteiv, 
the  elUuent  from  which  is  very  pure  ami  pruetically  sterile,  Tbe 
prooeas  is  unnecessarily  exfiensive.  involving  aa  it  does  in  addition  lo 
tbe  6rBt cost  of  the  plant,  counidcnililc  outlay  tor  |)owernnd  other  items, 
while  the  same  rei-nlts  in  the  end  can  be  obtained  by  the  more  simple 
prootsfl  of  sand  fdtraliou  alone.  Moreover,  it  appears  that  with  [icAty 
waters,  the  organic  ojiislilucnts  of  which  form  soluble  compounds  with 
tbe  iron,  the  results  are  unsalisfaotory. 

The  nse  of  okoir*  has  been  rei^im mended  us  a  very  efficient  mctfaod 
of  sterilising  drinking  water,  and  ex])erinient.'<  on  a  large  scale  have 
yielded  favorable  n-»ullf).  Kx|n^rimi'iiliiig  on  \CTy  smull  quantities 
witli  a  Siemens 'llalske  apparatus,  Wcyl  found  that  '2M  milligrams  of 
ozone  was  sufficient  to  de-«tniy  911  por  eeiit.  of  the  bacteria  oontnined 
ID  itK)  cc.  of  water  from  the  Tegcl  Luke.  With  3  nnd  4  milligrams, 
Im  obtained  complete  steriliiiatioii  of  a  half  liter  of  w&t«r  coatnining 
6,000  haeterin  to  the  cc. 

For  purification  on  a  laigc  scale,  the  impure  water  is  caused  to  perco- 
hlm  through  u  tovrer  filled  with  pi'bblo^,  through  which  the  o/oninnl  air 
MHM  aawsnl.  The  8iciiiens-l lalske  apiHiratus  used  will  |>i-odune  20 
tna»  oTowiie  in  an  hour.  The  Iuu^terin  are  reduced  at  least  99  per 
«■!,  mk)  tbe  ]HToenlage  of  organic  matter  is  greatly  diminished,  but 
^  mimi  in  at  present  very  imperfeet,  for  more  than  70  per  cent,  of 
^  «BMtt  producrd  is  lost. 

TW  oMMUcd  water,  though  free   from   odor,    hai<    an  ntipleamiit 
^gl^  aad  with  nuiny   its  use  causes  demngcment  of  the  stomach, 
further  elcutrolytio  treatment  with  aluminum  elcc- 
aluminum  hydrate  is  formed  and  the  water  is  clarified 
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lioal  parificsticin  of  water  sometime!)  n(?ouri«  without  the  inter- 
DB  of  pnjwssca  c*pwially  proviilwl,  of  wliieh  fact  ProliMtBor  Lcff- 
■'  records  a  conspicuous  instanoe.  The  Schuylkill  Rivpr  in  the 
part  uf  iti*  (Mjiirw  reoeivc^  mwh  refnw  intiK-wukT  itrij  becomes 
Med  with  iron  salts  and  free  mineral  addi;.  "  lu  its  course  of 
.one  liomln'd  mil(>it  it  |>a«>ii:-4  ovor  an  exton!^ivt>1imc!<tni)i>  dirttriot, 
[lecmves  Bcvcml  large  streams  highly  charged  with  calcium  car- 
ile.  The  n-nult  i»  a  nt^iitralization  iif  the  acid  and  a  ]im'ij>iintion 
llhe  inMi  nnd  much  of  the  mieium.  The  river  heomes  purer,  and 
junction  with  the  Delaware  River,  at  Philadelphia,  it  oontaiuH 
free  sulphuric  itor  hydnjchlorio  acid,  only  traces  of  iron,  and 
t  a  small  amount  of  ealeium  sulphate.  In  this  manner  there  is  pro- 
1  a  Boft  water,  suju'rior  to  that  of  the  river  near  its  sourtie,  or  to 
third  waters  of  the  middle  ■Schuylkill  region." 
\i.  BoiUng  and  DiflUllatloa. — Boiling  at  a  nican.t  of  piirifioation  haa 
I  pnctioed  from  very  wirly  times,  and,  in  fact,  was  advised  by  Ilip- 
((460-tJ77  B.(.".)  for  the  avoidance  of  enlargement  of  the  spleen, 
iprooeas  is  quite  efficient  »>  far  as  tiestnictioii  of  the  micro-orKun- 
II  concerned,  but  it  does  not  diminish  the  amount  of  organic 
It  doM,  however,  reduce  th«  amount  of  dissolved  mineral 
r,  in  that  ejcium  carbonate  held  in  solution  by  carbonic  acid  is 
idptated, and  mlcium  sulphate,  l>ein}{  Ic»<  .soluble  in  hut  Liiaii  iiieold 
r,  temh  to  separate  out. 

iing  U  available  only  to  n  limited  extent ;  that  itt,  it  in  a  process 
I  can  be  carried  out  in  the  houeehold,  but  not  oa  a  largo  scale  be- 
I  public  di.-ttribution  of  water.     Roiled  water  in  not  palatable  until 
iboa  has  ns^ton^^l  the  proper  tjistc,  but  this  is  easily  accomplished 
Ffwring  it  from  one  vessel  to  another,  or  by  agitation  in  contact  with 

DistillatioD  constitutes  a  most  efficient  process  for  obtaining  pure 
This  pnw>e.HS  pnJueeti  ni'd-iwan ly  a  sterile  water,  which,  how- 
t,  Mvds  thorough  aeration.  In  the  apparatus  used  in  the  United 
lies  Navy,  tl>e  steam  goes  to  the  eondensers  in  company  with  air,  so 
t  OMdeosation  and  aeration  occur  euiticidently.  While  no  bacteria 
I  the  original  water  can  pass  over  Into  the  distillate,  other  volatile 
i  can  and  dn,  anil  in^taneeit  are  common  to  pn>ve  th.tl  the  di.-<- 
I  of  a  foul  harbor  water  may  produce  nausea  and  diarrhcea  in  all 
t drink  ii. 

3.  Pihiation  is  a  process  of  purification  which  is  must  efficient  and 
lUe  for  large  water  supplies.     It  ia  employed  on  a  large  scale  by 
I  large  cilie*  in  FJirope  and  in  this  country.     Before  dcs^Tibiug 
however,  it  U  in  order  to  consider  filtration  in  the  house- 
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lall  domestic  filters  tn  eomnioii  use  are,  as  a  rale,  quite  useless 
be  removal  of  suspended  matters  such  as  iron-nist,  dirt,  and 
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reraoval   of  whicb    is   cliiimcd    but    not   aocomplialicil,  in  tlint  thtv] 
i-nyinlcr  »  t'lilsi^  scnsp  of  safely,  while  they  favor  the  growth  and  mnl-l 
(i])lication  of  organismt!.     Most  of  ihc^'ni  nn-  i^mall  iillain  for  att 
Dient  to  llie  vralvr  faucet,  filled  with  a  filtering  medium  of  coan« : 
nniniul  charcoal,  spongt-,  groiiiid  k''^'^*  ivouI,  fi-lt,  lUiH  othvr  siibstuu 
which  simply  .«lniiii  out  the  visible  Buspendcd  matters  not  a  whit  1 
tliau  the  simple  flannel  hag  in  i-onimon  use  in  N>w  Kof^Iiind  and  tJ* 
where  a  quarter  of  a  century  ago,     Tlicy  permit  the  past^a^of  a| 
stream,  and  this  fiiet  iL-wlf  is*  proof  of  their  Incffirieiwy  as  Ik 
filters,  for  any  material  coarse  euungli  to  permit  rapid  passage  of  W8li 
18  not  fine  enough  to  hold  hack  the  exceedingly  minute  ^uspeod 
matters  «ueh  us  liiiolcrin. 

Moat  of  the  materials  used  become  very  I 
in  a  short  tini«,  and  in  cousequfncv  tiM  mtir  ij 
licher  in  bacteria  on  issuing  than  it  was  bffcn 
enlmiice.     Theoretically,  animal   charnMl, 
account  of  its  oxidizing  nction,  sho«ild  he 
ideal  lillering  medium,  and  at  firr<t  it  will 
move  a  Inrgc  proportion  of  the  bacteria  and  I 
or  lesaof  aiiy  coloring  matters.  But  very  aho 
it  becomes  foul ;  the  calcium  phosphate  whii^ 
it  contains  ia  of  great  assistance  to  the  growth* 
bact^'riii ;  cleauing  is  imjiossihli-,  Hn<l  the  « ffln 
if  storedfSOOD  beoMoes  very  foul  and  unploHiwnt^ 

The  only  domestic  filler*  worthy  of  llie 
are  those  which  remove  mechanically  all 
bflctcriti  of  iIh>  water  and,  at  the  saint-  lime.i 
nothing  of  their  own  substance  to  the  wsti 
Such  are  tJie  Oiiamherland-Paatenr,  the 
feld  and  <)thcrs  based  on  the  simic  priiicipl' 
In  theflc,  the  filtering  medium  ia  unglnyed,  wrll 
bak«d,  hollow,  porcelain  cylinilent  clos>'*!  al  oa 
end  tike  u  t«tt*tubc,  enclosed  within  a  metallic  or  glass  jacket,  wid 
sufficient  int<?rvening  space  for  the  wiiter,  which  cnKrs  directly 
the  tap  under  its  usual  preaaureor  "head,"  The  open  lower  end  of  I 
cylinder  diachargea  the  vwiier,  which  pusseK  directly  through  the 
of  the  cylinders,  or  "  bonifies,"  in  the  same  way  in  which  it  would  W 
tliruuKh  blotting  paper,  Tlie  matei-ial  is  such  a  very  fine  strainer 
it  will  exclude  all  siisiK'ndi^tl  matters  whatsoever,  (ixx  Fie.  33.) 
The  bougies  of  the  Chamberland-Pasteur  filter  are  made  of 
bs^ed  kaolin  of  the  proper  degrt^  of  pontsity  and  hardi>c»s  ;  ihoeet 
the  lierkcfeld  wei¥  formerly  made  of  a  soft  friable  infusorial  earth  ' 
cultar  to  Germany,  nilk-il  Kicselguhr,  hut  a«  they  were  vci^-  britl 
and  very  liable  to  fracture  white  being  cleaned,  they  are  now  made< 
a  special  blend  of  clays  used  in  the  manufacture  of  the  finest  por 
Those  of  other  makes  arc  of  porcelain  of  varying  grades. 

All  these  filtering  tubes  are  purely  mechanical  in  tlieir  action 
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noDe  of  the  matter!*,  poWnoii:*  or  nthtvrwi.'tG,  in  wjliition, 
Vkilf  tboj  rvmovc  and  retain  on  their  external  Euriiice  all  the  bacteria, 
ik^  eauDot  prevent  the  growth  of  iti«  orgnnisnitt  from  withont  inward 
Arhi^  tlivir  \v»1In,  tint),  imieec],  this  occurs  so  <)iiickly  that  in  order 
toaecBR  absolutely  sterile  water  continuously,  it  is  neceiiaary  to  clean 
mi  aierilixc  tin-  l>c>ugi(^  diiily,  and  thuH  it  is  advisable  to  have  two  Ket», 
Ott  of  which  can  be  cleaned  while  the  other  is  in  use. 

It  has  It-eii  pn^ivcd  rp]>fiatcdly  tliiit  normal  wiit*-!-  ami  wafi-r  artifici- 
ifly  and  extensively  infected  will  yield  on  the  first  day  of  the  use  of  a 
IHU  boogie  a  perfectly  sterile  filtnitc,  and  tlint  nti  the  necond  or  third 
4n  a  very  small  number  of  bacteria  will  most  likely  be  proicnt ;  but 
wet  first  Oioea  are  invariably  ordinary  water  bnotcria,  and  if  the  patho- 
gaac  varieties  occur  in  the  filtrate,  they  must  come  coiii<i(li'nibly  hiter, 
Elp(Timent«  with  water  infected  with  llaci/lun  coti  cointmims,  R. 
^M*u«,  and  tlie  comma  bacillus  have  rciK-jitciUy  fiiilwl  to  prove  the 
|Wip  of  any  of  these  organituus,  while  the  ordinary  water  bacteria 

ftmoogh  veiy  readily.  To  secure  a  rcj^ular  xupply  of  wliolesome 
Ht  oocnpletfly  sterile  water,  it  is,  therefore,  tpiite  sufficient  to  clean 
lktiib«s  by  scrubbing  ajid  boiling  or  by  baking  at>out  twice  a  week. 
Itii  not  iiifro*iiiciitly  t!ic  e;iee,  especially  when  tlic  cleaning  is  left  to 
RTvaals,  that  it  is  performed  at  rare  inlervalfl  or  not  at  all. 

I*T,  liV.  H.  JSarr'  describes  u  new  form  of  domestic  filter  which,  be 
tliKU,  pOMCS&es  certain  advanta^e-i  over  the  easily  breakable  eandles. 
IttOBusUof  a  perforated  rylimierof  tibimiiiitmi  or  tiniifd  eoppcr,  from 
Itmi  to  thirty-six  inches  in  length  by  seven-eighths  to  five  tnelies  in 
dneter,  covered  with  a  jacket  of  nien>eriKed  cajnbric  coaled  by  auto- 
Mtic  action  with  a  thin,  smooth,  homogc^'neous  layer  of  purifietl  t^urtlis 
■di  as  china  clay,  kieaelguhr,  et*-.,  which  instantly  cIohc  the  inter- 
nes of  the  cloth.  .\ll  Kuspcnde<]  matter?!,  ineliiding  vegi'table  !«limcis 
lad  bacteria,  are  retained  on  the  surface  of  the  oavcring,  n-hicli, 
•flrr  ■  time,  imped«»  or  totally  stops  Hltrntiun  by  cluj^ing.  The  film 
(f  ilirty  matter  la  easily  removed  by  a  stream  of  water  from  tJie 
'  top,  and  the  apparatiiM  i-an  l>e  thoroughly  cleantsl  by  mi-ans  of  .toap 
■il  lmi»h.  The  ouating  is  renewed  by  pouring  into  the  outer  prca- 
HBNpfoof  case  the  earth  mixed  to  the  consistence  of  cream  with 
\un.  The  kis«  by  breakage  is  nU,  and  hii^  volumes  of  wiiU-r  are 
flttTM]  in  little  time. 

■da  general  the  retjuin^nients  of  a  sati;* factory  dcimc.titie  fdter  may  lie 
HM  as  follows  :  It  should  yield  a  ttufBeient  supply  of  clear  colorless 
Bter  free  &om  any  ta«te  derived  from  the  filter  itctelf,  should  arrest 
|p  Wteria  and  their  sponv,  and  should  be  simple  in  construction  and 
•ftnd  at  a  low  price.  Thus  far,  those  made  on  the  priTieiple  of  the 
Unnberland-Pojit^iir  filter  have  met  tbe?>e  nciiiircnifntii  bext.  Their 
Hndaetion  into  use  in  the  French  army  in  IK.s!)  was  followed  within 
lw>  ytan*  by  a  reduction  of  over  fifty  per  cent,  in  the  number  of  ca-tes 
«d  fever  occuiring  therein. 

>  Palilic  Urallh,  MmKh,  1S90. 
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Filtration  on  a  large  scale  is  acoompli-ihed  by  the  aid  of  fine  sind  ill 
filter  l)CiU  of  projier  poiwtrm-lion,  whiirh  »ct  IkhIi  nicoliiiriinilly  tndl 
biolopcally.  The  tirat  bods  of  which  we  have  any  accurate  knonledgsl 
were  those  eoiislriiHt^d  by  SiiiiiMon  in  Ijomlon  in  tliv  yvar  1830,anil| 
tliosv  were  tntciidcsl  primarily  for  the  removal  of  dirt  and  other  sii»*j 
pended  matu^rs  causing  turbidity.  Tho  procej»  wa.i  ri^jrunlt-*!  ni  thai  I 
time  ns  &  purely  ineehani<Mi[  ont^,  and  though  in  coursv  of  lime  tli«i 
of  this  kind  of  tiltcniig  mediiim  became  very  extensive,  it  wu 
crnlly  bclicvwl  that  iw  rarricil  on  thert  was  iio  v«rj-  innrkod  cbanM 
changv  in  the  water,  and  that  what  there  was  was  attributable  to  oxi-J 
datioii  of  organic  matter  by  uir  in  the  inlcmtici-jt  of  the  huhI. 
was,  indeed,  the  view  held  generally  op  to  the  time  wheo  the  ei 
flive  resi>arcbe8  b^iin  by  the  Stntv  Board  of  flealtb  of  Mussicliiu 
in  the  Hummer  of  I8fl7  proved  tlw  great  influence  of  biological 
cies,  although  it  had  been  already  shown  by  Meade  Itttllon,  Henea 
^lagge,  I'nwkiiner  and  othersi  tliat  fillrntinn  n-moved  nil  but  a  triftin 
'percentage  ot"  micro-organisms  and  that  water  luictoria  exerted 
inStidicc  on  the  amount  of  the  usual  eumttilueiit*  of  water. 

Although  sand  filtration  of  public  supplies  is  of  comparativclfl 
recent  origin,  ii.-<ii^c  for  indivifluul  houNi-  »up|)lie»  antedates  SitnpMal 
by  at  least  a  century  and  a-half,  for  Portius,'  writing  in  168.%  rcUMJ 
that  the  Veneliaiift  were  a«u*toini'd  to  filter  their  drinking  waft 
tbn^ugh  layers  of  sand  within  tbeir  cisterns,  in  order  to  rid  it  of  dia 
greeable  odor  and  taste. 

The  first  bi'ds  eonstrncled  by  Simpaoii  were  broad  I>n«iii8  twelv*  I 
in  depth  with  impervious  bottoms  and  sides,   containing  l^iycrr  d^ 

stones,  gravel,  and   -au^^ 
Flo.  34.  whieli  occupied  half  tboi] 

depth.    Beneath  the  ston 
were  lai<)  ordinary  ilnoii 
pijies  through   which 
filu-red    water    wae 
eliargod.      As    the 
layers    of    eand 
eloggt'd,  they  were  scnf 
ami  renewed.    Tliel 
the  present  day  are 
stnicted  on  very  m 
line*.    They  are  vii 
immense  tank^  of ' 
stTe,  shajte,  nnd  coi 
(ion.    The  walls  are  i 
times  vertical,  but  more  often  sloping,  sometimes  built  of  stone  on 
oreMj  and  sometimes  consisting  of  ordinary  embankment.     \h 

n»  uniuie  tucnda,  fuiclor*  Luc«  Auloiiio  Ponio,  Vieim.  U 
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pftvMl  bottom  of  a  bed  m  luiH  n  ey^U>m  of  pcrforatci]  or  disjoin  tod  driiia 
]>i|)es  leudiu^  lo  a  opiitpal  culvert  or  well  from  which  the  filiered  pnxluot 
is  drawn.  Alwvo  thodnuiMnn^  siiccc^ivo  lnj^r;^  uf  (■i>«r<c  gnivi-l,  line 
gravel,  coarse  sand,  and,  at  the  Lop,  one  of  liiie  sand  from  three  to  live 
feet  in  depth.    {Hue  Vig.  3-1.^ 

The  fine  sand  is  sharp-gmiDed  in  chanictcr,  eucli  lu  \a  obtainable  at 
tbe  seiuhore,  and  it  mtusl  not  ooiitain  claj'  nr  •itJit-r  madriiil  of  .lirntlar 
minuteness  of  p:irticle ;  if  pruf^cnl,  sui-h  must  be  ooin|ilcti-ly  rL'inuved 
by  tJioroiigh  wo^ihing.  As  to  the  aikc  of  the  sand  jiarlioles,  it  may  be 
stated  generally  that  the  linor  lliu  grain,  the  better  the  effluent,  but,  it 
must  he  added,  the  more  rapidly  it  becomes  clogged  and  the  more 
frequently  it  must  be  McrajH'il  'ill",  nud  liiially,  the  nmnt  difflnilt  it  u 
to  wash  for  future  use.  \Villi  the  finest  sands,  the  bacteria  are  abso- 
lutely removed,  but  lillmtioa  jirooeeds  «o  slowly  that  tJieir  um.*  is  not 
practicable.  The  most  effective  sine  of  grain  is  a  matter  on  which 
opinion!*  differ,  but  whatever  the  nixa  adopted,  it  is  important  ihut  es- 
pecial eare  be  taken  to  iniinre  uniformity.  It  is  variously  stated  to  be 
from  a  fifth  to  one  millimeter  in  diameter,  that  is,  the  diameii^r  of  a 
sphero  in  volume  equal  to  thut  of  the  grain  without  regiinl  to  tlic 
«iiape  of  the  latter.  The  higher  figure  is  the  one  adopted  by  the  au- 
thorities ut  Hamburg. 

Before  tlie  water  is  applied  to  the  tx?d,  it  may  be  advisable — and  if  it 
i»  from  a  lurtml  river,  it  will  be  uecf.'^ary — to  allow  it  to  niand  jw-veral 
days  in  a  settling  basin  or  re^rvoir,  in  order  that  (he  suspended  mat- 
ters nuiy  !4ub!>ide  and  tliua  tbe  too  rapid  clogging  of  tlie  intcrittices 
.of  the  sanil  with  mud  be  preventeil  or  rctnrded.  Observance  of  this 
precaution  will  result  in  leasened  necessity  of  frequent  cleaning.  Not 
only  arc  the  sujipi-nded  matters  reiliicei)  in  amount,  but  organic  mat- 
ters in  solution  may  be  more  or  less  destroyed  by  bacterial  action, 
and  tlM>  bacteria,  too,  may  be  redu<?i«l  in  number  by  Iwing  carried 
down  with  the  settling  matters  with  which  tliey  are  in  contact,  and  by 
the  death  of  the  less  hanly  varieties.  In  tbe  ease  of  wati'i'.i  fn>ni  [toads 
and  lakes,  the  preliminary  sedimentation  proceeds  in  gila  and  the  set- 
tling tank  i«  not  m^ed. 

The  water  is  delivereil  continuously  at  tbe  surface  of  the  bed  by  de- 
vices automatically  regulated,  and  percolates  downward  through  the 
various  layers  of  sjmd  and  gravel  U)  the  outlet  pipes.  Except  with 
very  fine  sands,  the  first  water  of  the  eHluent  is  not  much,  if  any, 
purer  than  the  original,  but  in  a  short  time  a  sediment  layer  is  formed 
on  the  surface  and  a  slimy  algoid  growth  occurs.  This  superficial 
layer  acti«  both  mechanically  and  by  its  contained  bacteria  to  cauMl^  tJie 
removal  and  oxidation  of  organic  matter  and  destruction  of  bacteria. 
The  resulting  etHuent  is  quite  pure  and  practically  sterile.  The  Law- 
rence filter,  fur  inslanoe,  removes  over  ilT.W  per  cent,  of  the  organ- 
isms present  in  the  water  as  delivered,  and  the  reduction  is  still  more 
mnrkol  at  the  hoii^ic  »<'rvice  pipi.'-H,  whi-re  33.17  per  cent,  is  recorded, 
the  increase  in  purification  being  supposedly  due  to  the  tact  that  their 
rj  food  material  ba.i  been  removed  and  hence  they  cannot  long 
SS 
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BOrvive.     At  Hambnig,  Altona,  8tuttgait,  Ixmdon,  aod  other 
the  reduction  in  buctcriii  is  about  tbc  euine  »»  at  J^wrence. 

All  organic  matters  are  not  acted  upon  to  the  same  extent  dttriiif;fH? 
tration  ;  somt-  nrc  very  nipidly  deoompoeed  and  mtiieraIi»Kl,  while 
others  are  so  slowly  attacked  tliat  complete  removal  during  the  Ann 

?ir>od  flapping  bo(wc«.-ii  cntmni^c  and  exit  is  oiVen  <]uite  impoaaible. 
hiii  latter  class  inclndes  the  brown  oolonng  matter«  «>  comnnmif 
pteseot  iu  ^iirface-watore.  These  are  very  stable  oonipouuds:  thej 
pentflt  during  long  storage  nnd  sire  nitritiud  but  slowly.  In  ihi:  )<ruc- 
ws  of  chemical  treatment  with  alum,  however,  they  are  very  quickly 
oo^ulated  and  removed. 

The  dlirae  layer,  nmd  layer,  or  "  schmutzdecke,"  is  believed  by  torn 
to  c<HUititut4^  the  solo  iietiial  filtoring  nicfliiim,  thi'  sand  beneath  Bfldng 
only  as  a  means  of  support.  But  ex|K>riments  conducted  at  Lswrenee  ' 
and  elscwhvre-  show  that  thiii  is  not  true,  and  that  if  ttie  greatest  care  bt 
exercised  not  to  disturb  the  immediately  underlying  sand,  almoxt  the 
whole  of  the  sliuio  layer  may  be  stripped  off  without  causing  laf 
change  in  the  bacteria  count.  Tlie  greater  pari  of  the  work  is  d'lmin 
die  upper  layers  of  the  bed,  and  yet  bacterial  efficiency  Is  not  neiw 
earily  established  as  soon  «s  a  (-oiitiiig  lias  been  formed.  A  |KTf(«lT 
new  filter  does  not  show  its  best  results  until  it  has  been  in  use  fur 
some  little  tinii',  during  which  the  fuml  jtartieles  for  a  considersUt  { 
depth  become  coated  with  the  jclly-lIkc  deposit. 

The  active  agents  in  bringing  about  th(-  death  of  the  bacteria  oai*   , 
tained  in  the  effluent  and  lu  acoomplishing  the  destruction  and  min'^ 
alixation  of  the  organic  matters  are  of  the  same  ela.'is  of  nilrifyiii( 
organisms  us  are  coniitnnlly  at  work  in  the  s«>il.     The  death  ofilit 
bacteria  is  not  directly  due  to  the  process  of  nitrification,  for  it  has  bwn  j 
provwl  that  a  very  marked  iuoreiisc  iu  (lie  proct**  is  not  ncce^tsaiilf  :| 
accompanied  by  any  diminution  in  the  number  of  organt»nis  nliicli 
manage  to  pass  through  to  the  drains.     It  is  possible  that  the  supfioH^ 
relation  of  cjium?  and  effect  is  merely  a  coincidence  of  conditions,  ttat  i 
18,  that  the  conditions  favorable  to  nitrification  are  iinfavonibli'  '>  i''^ 
vitality  of  the  urrliniiry   bucteriu.     It   is  also  possible  that  tLri'ii^li. 
nitrification  the  latter  arc  deprived  of  at  least  part  of  the  food  mali 
necessar)'  to  their  continued  cxistent^'o  »ud  multiplicutioD. 

Nitrification  soinctinies  cnises  suddenly  after  it  has  h»>n  pi 
for  a  long  time  at  a  proper  rate,  and  then,  nft<-r  an  iiiter\-al, 
again  witliont  any  a]i]uirent  n?iison.     One  explanation  offered  is 
the  process  begins  only  when  a  certain  amount  <if  nitrogeuoos 
has  accumulated  within  the  interstices,  that  it  dien  proc«e<U  until  I 
store  is  CJMWumwl,  nnd  that  pending  a  further  aecumnlation  the  p 
lapses.     In  winter  it  doe,s  not  begin  nguiii  until  the  tempi-niture  ofll 
emuejit  reaches  at  least  39°  F.,  but  after  it  is  once  stiirted  it  i» 
affected  by  u  full  to  35".     The  most  favorable  lemperattir^  for 
process  are  those  of  the  hot  summer  months. 

A.>*  to  the  rate  of  filtnition,  it  ts  important  that  whatever  the  ra» 
■.be  uniform  all  over  the  filter.     It  luis  been  proved  by  the 
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.  State  Bonn!  of  Health  that  2>000,000  gallons  per  (lay  can  be 
Utered  through  each  acre  of  filter  bi^I  with  tiw.  n-movnl  of  «iibNtiuitiiilly 
I  ill  the  hac-tvri.i  ori)^iiiitIy  |)ri.-<<'ul.  The  Iiujwrial  Board  of  Health  of 
Gonuiy  fixe*  as  a  maximum  amoant  |M>rnii>sihle  'J,")00,r)no  giillyn» 
fOKTv.  Kiich'»  ihrce  nilw  of  lUlnitiuii  arc  that  the  rate  of  down- 
wd  movement  shall  not  exceed  UX)  millimeters  an  hour,  that  the 
filat^  uf  «-ach  AMtion  ^Itall  be  exaiiiiiiotl  daily  »vhile  tht-  bed  is  at  work, 
Bid  that  filtered  water  coBtaining  over  100  bacteria  to  the  cc.  must 
Mt  be  allowinl  ti>  enter  the  pure  water  r(i«crvoir,  but  muKl  \w  nji-cled 
« Rfiltered.  The  bacteriologicul  test  is  much  superior  to  chemical 
ualydfl  fur  vatching  the  efficiency  of  a  filter,  and  a  simple  count  is 
quite  HiBicioot  without  attempting  to  iilentify  the  Hpccies. 

When  the  filter  begimi  to  discbarge  slowly  on  account  of  the  extent 
of  iliealgoid  growth  at  IIh*  snrliicr,  it  ii>  not  safe  to  increase  the  prcK- 
lan  nsdaly  by  flooding  the  bed  with  an  increased  depth  of  water,  for 
"mrw  shown  by  an  experience  at  Berlin,  »iieh  a  priMX-diire  may  force 
'  At  haeteria,  which  have  accumulated  largely  lu  the  meshes  of  the 
I  pmrth,  down  ihrougli  the  liltcr  at  Mich  a  rate  that  ihey  arc  not  ile- 
I  BtDjnd  by  the  usual  agencies.  In  this  case  the  water  level  was  raised 
I  ttoieet  wittt  the  natult  that  the  jiortion  of  the  city  which  wassupplic<l 
-*kli  the  wster  of  that  particular  bed  was  visited  by  im  epidemic  of 
[l^dioid  fever.  The  same  sort  of  accident  occurred  at  Altona  a  fi>w 
ago,  when  ii  year  after  suowKsfnlly  going  tbrtiugh  the  cholera 
lie  which  so  devastated  the  neighboring  cily  of  Ilanibui^,  a  de- 
lin  (he  filter  bwls  wa»  (bllowed  by  an  uiitbrmk  of  cliolera,  which 
:  bad  then  died  out  in  Ilambui^, 

the  »edinieHt  layer  biH-imu-s  so  thick  and  dense  that  with  the 
nnm  preasore  allowable  the  required   tiuiouut  of  water  fails  to 
,  il  becomes  neoewary  to  serape  off  the  int^h  or  so  tliat  has  formed, 
Ittea  to  proceed  as  though  the  bed  were  new. 
fmE  require,  as  a  rule,  several  days  for  the  formation  of  a  new 
Dent  layer,  and  until  it  is  well  developed  tlic  cflliicnt  must  either 
or  pumped    back.     The  frequency  with    which  a  bed  will 
!  to  be  scraped  depends  npon  inilivi<lniil  <'irciirii«tinices  !«iicb  as 
taieof  the  grains,  the  character  of  the  water  as  applied,  the  rate 
Teiwnt,  the  season  of  tlie  year.     The  removal  of  the  top  is  not 
alt.     It  is  quite  compact  and  distinct  from  the  stiud  beneath  it, 
Ib  readily  pare<l  off  witJi  4i<ivels  or  other  toiils.     Successive  clean- 
may  take  place  without  replacement  of  the  Mini]  until  the  depth 
filtering  material  is  reduced  to  about  15  inches,  but  not  Mow  12. 
■craped-off  sand  may  hn  thoroughly  washed  in  a  macbtnc  for 
antil  a  sample  in  a  beaker  j-ields  no  turbidity  to  clean 
r,  anil  it  may  then  be  sti>r(yl  until   ni-edcd   for  future  Hppiicatiou. 
erimentti  have  been  tried  re|)eatedly  in  Berlin,  Massuchuscttit, 
rbfire  in  iitcrilining  sind  by  boiling  it  in  water  or  otherwise 
It  tn  high  temperatures,  and  then  determining  it^  etliciencj'. 
jnmitB  liave  invnriiibly  [iroved  lliat  more  bacteria  are  found  in  the 
I  tbao  in  the  original  water,  and  this  is  explained  by  the  »uppo- 
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ailtoti  tliat  the  bacteria  tbat  eoter  dad  ia  Uw  cooked  orgiainc  mfltter  i 
foixl  Mip[)ly  niM.'Sl  fitvorabk  to  onormoiii*  lutiltiplimlion,  and  ihaltbel 
jb«ctcm  ill  the  n-aahecl  hiihI  urc  neociSBarT'  fbrtlwdfletructioi]  of  orgsnlcl 
matter  and  ol'^oiiii^  of  tho  varieties  of  water  bacteria. 

Duriug  auil  immediately  iiHer  th?  Hcrapiiig  ]>roct^i^,  tlic  bol  is  i 
sarily  out  of  Ufw  and,  therefore,  it  is  necessary  in  order  to  ensure  oo»-l 
tinuous  filtnition  to  have  a  Dumber  of  sviHinitv  hiths,  and  to  #cnpej 
them  in  turn.  Id  thift  way,  while  one  is  out  of  use,  the  others  can  0x171 
oD  thv  nork. 

In  cold  weather,  owin^  to  lucreused  viscosity  of  tlte  water,  the  ntt\ 
of  filtnition  is  luM  than  iti  the  warmer  months.  In  very  n(lddiEnsla,j 
the  formation  of  thick  ic«  makes  proper  clcannng  of  the  surface  in-4 
[tosiiihlc  ;  ami  irajx^rfeei  aempiii^  causes  imperfWt  liltmtion.  TW  rfl 
moval  of  the  ice  oonsidi'rably  au-^meDts  the  <.-ost  of  maintenance,  andj 
thi*  item  alone  is  one  of  siifficicot  im|>ortance  to  warrant  the  espuwj 
of  covering  the  bwU,  Bui  .isitlc  from  cost,  the  ffticieiicy  of  the  pn 
is  so  much  greater  and  the  danger  of  epidemics  of  water-borne  daait\ 
so  mu<^l]  <limini«h<il  ihiit  the  pinnt  in  11  i^Kt  elimate  should  always bel 
covere*!.  With  au  untwered  filter  subject  to  frecziug  tempcnituret, I 
imjKTl'wt  filtralinti  is  almost  sure  to  occur  periodically  and  this  U  indi-J 
caled  bv  au  iucri^tise  in  the  daily  bacteria  count.  Thus,  Wallichs'  bll 
noltnl  that  after  freezing  bad  occurred  in  the  filters  of  Altoita  b  F(i-| 
ruury,  ISSU,  January,  1«S7,  Fcbruury,  I»S8,  and  -lailUftry,  1891, tt«[ 
number  of  germs  in  the  filtered  water  rose  considerably,  and  in  t«cll[ 
instanc-c.  in  the  following  month,  tlit;rc  was  an  untLsiml  inervase  i]itlit| 
amount  of  typhoid  fever. 

Friruiig  of  the  surface  causes  im|>erfect  filtration  by  brining  it] 
about  that  the  bed  ii*  overworked  in  those  places  ivliicb  are  still  pf^| 
vious.     The  application  of  water  to  the  frnjien  surface  thaws  theiw 
bIowIv  and  iimnpially,  and  where  the  filter  is  active,  it  is  doing  the  mdij 
of  it«  froKcu  neighboring  areas. 

Hcmping  of  a  lied  below  the  ioe  cake  is  performed  with  a  machiiif  J 
which  runs  Ijctwcen  the  sund  an<l  the  ice,  cuts  the  layer  and  reodv«sit[ 
in  a  bag  as  fast  as  it  is  removed.  It  is  dragged  from  side  lo  sJ*j 
without  bricking  the  ice  above  it. 

Covering  a  filter  is  advantageous  in  another  direction,  for  by  the  0*1 
oloaion  of  light,  growths  of  algas  are  inhibited,  and  there  is,  tlicrefoF^I 
less  need  of  freijurnt  cli'iining. 

On  the  other  hand,  open  filters  get  the  benefit  of  the  eteriliKiiig  in-j 
fliienoo  of  direct  sunliglit,  but  tins  is  more  than  utlfiet  by  the  pronii>-J 
tion  of  luxuriatit  growth  of  algie  and  other  micn>scopie  phinlj<  iatlitl 
warmer  months.  It  U  aonietiraes  hardly  |K>»siblv  to  keep  filters  inl 
(■ood  working  order  in  summer  owin^  to  these  growths,  which  olog  I 
interstices  very  quickly  and  cause  diminislied  eflJciency  just  at  8  l 
when  the  demand  for  water  is  grmteat.  The  coincidence  of  greattf] 
deiniind  and  more  frcipiont  cleaning  does  not  permit  of  sufficient  il 
tervals  of  rest  afWr  the  completion  of  the  sonipiug  process. 
*X)outKtli«  mKliianuohc  Wochcanchrifi,  1891,  No.  SS. 
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I  what  is  known  as  "intermittent  fittratton,"  the  filter  bed  U  usctt 
tr  (he  rcocptiori  of  wnfer  <iiiriiig  |«irt  of  odc  <i«y,  eay  16  hours,  or 
nw  during  several  days,  and  then  is  allowed  to  drain  off  and  n^(  for 
I  whik.  A«  the  water  dmiriM  nwiiy.  tlw  iiit«^r!*lic«i  of  the  Hind  become 
9iM  with  ajr,  that  rs,  the  hed  becomes  aerated,  aud  thus  the  nitrify- 
ilf  laderix  which  bring  about  the  destruction  of  organic  matter  and 
lb  *id»equent  mineralization  to  nitrates  are  assisted  to  maiDtaiii  their 
rittUiy.  The  intermittent  prn<¥A^  it*  .tiiperior  to  tlie  cotitioiiuiiis  in 
Ihit  nitrilicatioo  proceeds  more  stroii(;ly,  thc>  or^nic  matter  is.  there- 
brt,  more  completely  removed,  and  the  ordinary  bacteria  do  not  8iir- 
rin  w  long  in  nerute<l  sand  ;  but  on  the  other  Iiiiud,  it  is  inferior  in 
Ikl,  being  so  much  out  of  active  use,  the  main  plant  needs  to  be  so 
Dmd  thi-  liir^T  for  itie  in-oumplii^limfnt  of  ii  given  umoiint  of  work. 
A*  a  matter  of  fact,  however,  all  sand  filters  are  at  one  time  or 
toMktr  intermittent,  since  each  time  a  Iwd  is  scrnjH'd  the  wuler  is 
dotiied  away,  and  the  space  formerly  occupied  by  it  is  then  filled  witli 
A.  Sometidies  it  is  pr*^|M>*i-d  to  put  the  water  through  a  [)r<ices.t  of 
^ble  filtration,  that  i;,  to  pass  the  fdtrate  on  to  another  bed  for  still 
;foitlKr  piirifieation.  IJiit  if  the  firAl  tiltratiou  luw  Inttn  pnijierly  earried 
<nt,  llic  filtrate  will  have  been  deprived  of  all  the  materials  nooes'^ary 
(irtkeRirniationof  tliereal  filtering  surface  on  the  second  bed.  Thus 
ipuen^e  of  the  water  through  a  second  filler  would  be  iiincb  In  the 
!(rfa  mere  form,  for  it  would  pass  practicallv  unchungetl. 

fiUnitiou,  when  pmiteriy  managi^nl,  has  proved  itself  so  dhcieiu 
be  number  of  cities  and  towns  making  nse  of  it  is  growing  almost 
Although  protection  of  a  supply  at  its  source  may  l>e  prcfer- 
pollution  followed  by  saml  filtration,  it  is  not  always  so  trust- 
by,  dinoe  |iolUition  may  ereep  in  by  accident  at  any  time  in  the 
1  guarded  snppltcs.     The  ideal  eonrsc  is  prott^'ction  at  the  source, 
by  filtration  before  distribution.     T)iis  is  the  method  now 
by  the  authonlies  of  a  nnmher  of  ei(ie»  in  Eiirojw. 
I  gnat  is  the  importance  of  filtration  and  so  far  reaching  tn  its 
(mi  public  lii-nlth,  iis  i«hown  hy  vital  statistics,  that  the  use  of  un- 
I  Bor&ce-waters  for  public  distribution  is,  in  Gennany,  prohibited 

I  nne  places,  particularly  in  the  United  States,  the  water  supply  is 

in  wliftt  are  known  as  mechanicil  filters,  of  which  there  are  a 

rof  varieties  all  Iki»c<1  on  u  cumnmn  principle.     Hinli  a  min'hino 

1  chiefly  of  an  iron  or  ^vooden  cyUnder  filled  with  a  rather  coarse 

[or  crashed  iinartz,  tlirough  which  (he  water  posses  by  gravity  or 

flTKj  nnder  pressure  at  a  much  faster  rate — from  50  to  1.50  times 

■  than  il  moves  in  a  Ite«i.     To  take  the  place  of  the  sediment  layer 

I  ferms  in  the  latter,  an  urtifieiul  film  is  producctl  by  the  use  of 

I  as  a  cnogulant.     This  is  formed  quickly  and  servra  the  same  pur- 

,  though  not  with  the  same  thoroughnevs.     The  filter  is  culled  me> 

onlv  because  power  and  mcehnntcnl  devices  are  employed  in 

the  nit*',  pn^sun.',  the  applicnlion  of  the  alum  solution, 

[Uk  taking  and  shaking  of  the  eaad  in  the  process  of  cleaning, 
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which  prooem  it  \i  nercssary  to  carrv  out  at  »hart  inten'ds.  laxttti 
of  nmov'iofi  the  top  liirer,  tli«  whole  body  of  snnd  is  agiuted  ml 
thoroughly  waahcd. 

With  wm-ful  miiniigr'ment,  upward  of  ftfl  per  oenl,  of  bocUra  tn 
removed,  hut  tlie  ninaing  expen.'^B  are  very  muoli  higher  id  pmpw- 
tion  to  llie  work  [M^riVirmcd  thnu  iit  tW  caKu  with  onliitary  sand  filtiv 
tion.     Economy  of  space  is  the  only  advantage  of  thU  process. 

Anoth<T  form  of  filltring  np|)itraMis  h  known  as  the  Fischer  pbqn 
filtvr,  which  is  made  of  porous  briclis  about  l3  iiicht-^  in  thickiMM  (U 
cm.)and  aliout  -10  inchi^  ^guarv  (1  m.).  The  porosity  is  greater  thm 
that  of  the  Borkefeld  and  Chambcrluml-Puxtctir  filt«r,  but  not  lot 
very  great  extent.  The  water  is  filtered  under  pressure,  and  thernalH 
are  <jni(c  fiivoniblf.  At  Worms,  where  both  tliiw  and  wind  liltnticD 
are  employed  and  hence  can  be  fairly  judged,  it  is  foun<l  ttiat  the  tn 
pn>oew*e»  are  about  tayiml  in  rv«idt8  so  far  as  chemieni  analyses  can  eImVj 
but  thut  the  Fischer  process  passes  a  somewhat  higher  projxirtioii  < 
tuietiTift.  The  brielui  arc  cleaned  by  ajiplyiiig  a  reversed  eurrcoH 
water  under  pressure,  but  cannot  he  Bferilircd  like  the  [wroclmn  iMT^iAij 
and  hcnn-  lhert>  i»  Itk<;Ithoi>d  of  producing  an  inferior  Eltrate  by  reural 
of  growths  occurring  in  the  pores. 


Removal  of  Hardness. 

On  account  of  the  enormous  waste  of  soap  as  well  as  loss  of  tio 
which  the  use  of  hani  waters  in  washing  cnt»il«,  and  of  the  Injun  I 
which  boilers  and  hot-water  pipes  are  snbjeet  from  their  action,  it  < 
\kim}jw!^  iicw»*ary  to  apply  »omc  remedy  wtiercby  the  degree  of  li« 
ness  maybe  lessened.  This  can  be  accomplished  by  the  aid  of  Ileal  orl 
by  ihi?  addition  of  chemicals.  Boiling,  u»  we  have  seen,  drives  offlbej 
contained  carbonic  acid  gas  and  causes  the  precipitation  of  the  < 
nat«!«  which  have  l>een  held  in  solution  by  thiit  agent,  but  it  has  not 
on  the  salts  whioli  cause  the  permanent  hardness.  For  u<Te  on  a  la 
scale  for  public  snpplit^s,  this  means  is  hardly  applicable,  on  aocumto 
the  iieee.-wiry  eost  of  plant  and  of  fuel ;  but  for  d<>nic-«tic  pur]M'*««  li"! 
oo»t  is  comparatively  slight,  in  that  the  fuel  necessary  in  cooking  i 
be  atilixt-d  iviincldcutly  for  the  purpo«!  of  heating  water.  Forth 
ehomicul  treatment  of  hard  waters,  the  first  process  devised  was  lbat< 
Dr.  Clark,  patented  in  1811.  This  process  is  liased  ui>oa  the 
of  cAUHtic  lime  for  carbonic  acid,  with  which  It  forms  the  pmc 
insoluble  carbonate. 

On  tlie  nddilion  of  lime  water  to  water  containing  chalk  and  i 
nesium  carbonate  held  in  solution  by  carl)onic  acid,  the  reaction  ( 
and  a  double  precipitation  of  the  carlranntcs  present  and  of  lliat  fa 
in  brought  about.  The  process  is  very  economical  so  far  as  ccwti 
material  is  ctmcemed,  in  that  a  few  cents'  wortli  of  lime  will  rcmov«l 
amount  of  htirdn«*s  which  wiH  decompose  many  dollars'  worth  of  ( 
Lime  water,  however,  docs  not  affect  the  chlorides  and  sulphates, ; 
H«ira>,  like  boiling,  reduces  only  tl»e  temporary  hardness.     For 
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employment  of  this  process  od  a  lurge  scale  variouB  fomiff  of  nppBnttus 

hiive  hevn  !nvent(t),  oonHijiling  of  olinmtiei'H,  or  (.inks,  in  which  the 

ifi  mixed  trith  water  and  from  which  the  tnixtiiiv  [>jie8i.'s  iiitooiher 

iree  reccplwlen  whiirein  it  raeetii  the  water  to  be  treated.     Thence,  ac- 

oraiog  to  the  naltin>  of  the  iippnrAtiis,  (Ik-  witter  ]iils90»  on  to  setlling 

'tanks  or  to  niechnaical  filters,  where  the  separation  of  the  precipitate  is 

oomplete<]. 

The  largest  plant  of  this  kind  in  the  world  is  located  st  Soiithainp- 
>n,  Enftlnml,  where  two  million  giilloiif^  of  water  are  treated  daily  ttt 
bat  may  well  he  re^rded  as  an  almost  insignificnnt  catt.  The 
'liuil'lini;  in  which  it  itt  inittalled  oovitrs  lesa  than  a  seventh  of  an  acre 
and  U  ■sufficiently  large  to  accommodate  additional  iippiinituit  whereby 
it«  workinj;  enpacily  ean  l>e  increased  by  half.  Whatever  the  forms 
of  apparatus  employed,  the  (irocoss  must  l>c  earefully  siipervisi^,  and 
the  amount  of  lime  added  must  be  constantly  regulated,  for  if  too  lit- 
tle is  employed,  the  full  extent  of  possible  softening  is  not  readied, 
while  with  too  much,  the  water  is  made  alkaline  and  the  carbonate  of 
maj^esinm  is  rclHincd. 

Caustic  soda  may  ho  used  for  Boftentng  waters  containing  onrhonio 
flicid  ant]  the  salto  euniting  jK.-rnianent  liardnese.  Added  in  proper 
jamount  to  combine  with  all  of  the  free  cjirbonic  acid,  it  forms  <rart>o- 
of  so<)iiim,  which,  in  ili»  turn,  attacks  and  decomposes  the  other 
Its  and  causes  their  precipitjiliun.  SiKliiim  carlKniatt-  itwelf  may  be 
Jded  in  tltc  abscnoe  of  free  carbonic  acid  to  bring  about  the  same  re- 
Bolt.  In  some  processes  for  softening  waUrr,  both  lime  and  [caustic 
Boda  or  sodium  carbonate  are  employetl,  the  object  beiug  the  reduotioD 
of  both  tcm|)orary  and  permanent  hardtiot^. 

RemOTOl  of  Iron. 

Some  ground-waters  contain  iron  in  such  amounts  as  to  ho  objection- 
^le,  both  on  account  of  its  influeooe  on  the  system  and  because  of  it« 
production  of  stains  on  linen  and  other  textiles  in  the  laundry.  There 
are  two  principal  methods  of  removing  it,  bolli  of  which  depend  upon 
the  Qonversioo  of  tlie  ferrous  compounds  into  the  ferric  form  with  ooo- 
aequent  M-paration  an  a  precipitat«.  These  are  tiltratioii  and  aeration. 
Filtration  may  be  conducted  through  sand  or  coke  or  animal  charcoal, 
and  with  either  material  tlie  iron  in  solution  is  exposed  to  the  action 
of  air  in  the  iuterstices  and  becomes  usidiwd  to  tlu-  acsijuioxide,  which 
lis  left  on  the  filtering  material.  If  the  air  supply  is  insnflicicnt,  and 
if  there  is  much  orgnnic  matter  present  in  the  water,  the  scsquioxide 
may  be  reduced  to  the  ferrous  form  and  a^in  pass  into  solution. 
^XTicn  gnnnnl-«ater containing  leiw  than  thne  |iarts  of  iron  jxt  million 
is  expcised  in  large  volumes  to  air,  the  iron  will  ttettle  out  almost  oom- 
plctdy  witliin  a  day  or  a  day  and  a-half. 

Another  method  of  removal  by  chemical  treatment  involves  the  use 
of  ferric  chloride  and  caustic  lime  in  the  proportion  of  one  and  five  to 
ten  grams  resjiectivcly  to  each  hundred  liters  of  water.     By  this,  the 
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"Kionke"  method,  all  tlie  iron  can  be  remnvMl,  but  it  nece««iuiefl 
use  of  B  mixing  tank,  congtant  attention,  and  eventual  filtntioo  fm 
the  remoral  of  tJie  precipitated  iron. 

Action  of  Water  on  Lead  and  Other  Metals. 

ActiOQ  on  Lead. — Tin-  qiipslion  as  to  the  boat  material  for 
mains  and  dislribiiting  pipes  is  ahvaya  an  intereating  one,  and 
more  bo  tbnn  when  a  cont^idrrablc  nnmlxT  of  pcrsoni*  in  a  ooni 
begin  to  show  symptoms  of  lead  poisoning  and  evidence  is 
which  ineriminntr^  Uu-  wiil«r  supply.  Aside  from  llie  maU«rof  ooi 
the  advaolat^e  of  \is\a^  lead  pipes  lies  in  the  com^tarative  va»  wA 
which  lead  w  wnrkixi,  siiiw-  it  may  W  bi-nt  to  any  iMNH'ssary  exlerilso 
thus  can  be  Btted  to  all  mimnerof  irregularities  of  coustruction  witim 
the  need  of  the  fn-quent  eutting,  t)i  read -making,  and  coujiliDg,  wbu 
the  use  of  ioSexible  material  involves. 

All  ordinary  walers  have  a  greater  or  less  tendency  to  attack  Id 
according  to  the  nature  and  amonnl  of  the  wibctanccs  held  in  nlnliDI 
Tlie  commonly  accepted  statement  that  pure  soft  water  is  prone  to  it 
tack  lead  and  that  hard  w«t«r>»  lend  to  protect  it  hy  forming  fiuniA 
tions  over  the  exposed  snrfaoe  is  true  only  In  part,  for  some  very  pta 
aoft  wntem  exert  only  vejy  slight  action,  while  aome  very  hard  oneti 
with  unusual  intensity. 

Water*  containing  very  low  amounts  of  organic  and  mineral  rnsltti 
act  or  not,  according  as  they  contain  much  or  little  disHilved  oi^ 
or  carbonic  acid  or  both. 

A  cheiiiieally  pure  water  would  probably  exert  no  action  wW 
ever  on  chemically  pure  lead,  but  neither  the  one  substance  noTtl 
other  is  commonly  i*efn  in  sncli  a  slate  of  purity.  Ortiinnrj-  distilh 
water,  however,  which  is  a  nearer  approacli  to  absolute  purity  ^ 
any  other  natural  water  can  be,  will  under  certain  conditions  act  rt 
corrosively,  the  conditiona  lieing  the  presence  of  the  iihove-mentiw 
gases.  It  is  generally  held  that  either  oxygen  or  carbonic  acid  aid 
in  water  lias  bnt  little  inllnence,  but  that  ttie  two  together  net  *ii 
varying  lalenslty  up  to  a  certain  point,  directly  proportionate  to  I 
amount  of  carbonic  acid. 

This  belief,  hasc*l  on  experimental   observations  of  Mulleri'l 
strengthened  by  Drs.  Antony  and  lienelli,'  who  found  that  ihe  hi^ 
residta  in  lead  eorroHton  were  obtained   hy  the  use  of  aerated  wit 
ctinrgrd  with  carbonic  acid.     Investigating  the  plumbo>9olveiit  pK^ 
erty  of  a  partictdar  water,  A.  Ijiebrieh  *  came  to  tl>c  same  oonciuai 
that  the  nimultaneotis  presence  of  air  and  cnrbonic  acid  favors  dctii 
while  either  alone  has  no  power.    Kecenlly,  however,  a  very  extenii' 
inquiry  into  ihe  jmbject  "f  metallic  eontaniinntion  of  water  »a    " 
haa  been  conducted  by  Mr.  II.  W.  Clark,'  chemist  of  the  State 
of  Health  of  Ma!*i>nchu.tett«,  whom  re«idl»  imlieate  that  oxygen  tl 

I  Jniinuil  fur  pniktiwho  CTicmk,  ^ri«>>  2;  3^|>.  S17. 
*Gui-iu  <-Iitmic9  italUiia.  J«n.  21,  IWO.  p.  375. 
*Zcitwhrifl  fur  ang«wa»d(«  Cliciiiie,  ISSS,  p.  70&. 
*Aniiiua]  lt«iK>n  for  ISSS,  p.  Ml. 
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Bore  active  oorro«ive  and  thnt  either  (*aH  can  net  alone.     He  employed 
(listilled  water,  freed  in   the  first  plaee  as  completply  as  pm^ihlo  from 
tbcse  and  all  othfr  ga««,  and  thwi  iitiprc{;nutc(I  with   known  amounts 
of  titber  or   both.      CIpan    bright   lead   pi{>e    in  equal    amount^)    was 
placed  in  half  gallon  l>oltle:i  filled  wiili  whUt  iwitnining  the  gnscs  in 
ibe  proportions  stated  below,  tbcti  sealed  and  set  anide  at  a  tempera- 
tttn  of  GS"  F.  for  one  week,  at  thi^  end  of  whicli  time  the  amount  of 
IimI  taken  itp  was  detennined.     Tbe  results  ar«  shown  in  the  follow- 
ing table: 


OmmPmndL 


>    otnen  toiutuukin 

:   Cubmic  tdd  I  paita  per  101^000 

1  jCkAcntc  add  30  parti  per  100,000. 

t  Oiffm  /,  of  uiatntioti,  CO,  4  putu  per  100,000 


Amount  of  1(wl  lakes  np 
[paHa  1X9  IUO,OW). 


2.4100 
.43113 
.8936 
.0861 


L 


\  ipedmen  of  lc«d  in  a  bottle  contnininf;  wat^r  from  which  the 
nypa  had  been  boiled  ont  a.i  completely  ns  possible  and  the  carlwnic 
MniDOved  hv  Imriiim  hydrat*  wini  kept  at  82°  F.  fiir  a  wwk  un- 
At  tbe  end  of  the  second  week,  slipht  action  was  dtscernihle 
iii»p(«aon  the  .lurface,  and  aiialysi."  showed  0,0771  part  jier  100,000 
rf  "Uler,  A  specimen  of  ordinary  distilled  water  in  a  bottle  with  a 
■all  sir  space  in  the  apper  part  attacknil  a  similar  piece  of  lead  pijw 
tovxh  an  i>xlr-nt  timt  it  yicldeil  lO.'i.S  parts  per  100,000.  In  this  case, 
•ixiiraperature  at  which  it  was  kept  was  81"  F. 
lusniirb  n»  all  drinkini^  water  eontninii  more  or  less  air  in  solution, 
is  always  present  in  some  amount,  nud  sineej  furthermore,  car- 
lic  acid  is  aim  generally  present,  it  follows  that  unless  substances 
a  dwidedly  <l«terrent  influence  are  present,  more  or  less  corrosion 
;fc  he  expected.  Numerous  instane«i  of  chronic  lead  poisoning 
to  wuivT  rich  in  oirbonic  acid  arc  on  record.  At  iSommcrfeld,'  for 
ir^.  where,  in  1 888,  numerous  cases  occurred,  it  was  found  that  the 
T  [iiri'  water,  rich  in  thin  Ra*,  dissolvcil  Uaid  to  the  extent  of  about 
!ni!!it'ram<i  per  liter.  At  Lowell,  Massachuaettii,  nnmerous  eases 
Jn» 'j|jT^r\'ed  diirinj;  the  yejirs  18!>8  and  IfiltH,  and  it  wai  discovered 
one  eonrcc  of  supply  was  rich  in  dissolved  oxygen  and  that  the 
',  which  caused  the  greater  part  of  the  trouble,  wa.s  rich  in  car- 
acid. 

IWnor  A.  W,  Ilofmann  believes  that  a  moderate  amount  of  car- 
dtoriile  lfc«*cn»  corrosion  by  forming  a  pnitectivi-  i-onliiig  of  car* 
■,  hat  tliat  an  excess  of  the  (fa*  ditwolves  it  as  bicjirbonate.  The 
ii  sud  alw  to  have  no  action  on  lead  coated  with  snlmxide. 
Water  ooataininj*  free  acid  of  any  kind  attacks  kwi.  vSulphuric 
i,  which  is  erroneously  supposetl  to  form  an  absolntely  insoluble 
Jpuund,  the  Milphateof  iead.  la  particuiiiriy  active.  In  the  ordinary 
miaJ  eense,  sulphate  of  lead  is  insoluhle  in  water,  but  in  the  hy- 
Bie  Mtur,  it  U  ^uflicicntly  soluble  to  be  capable  of  producing  serious 

■  n»iinhi  VUncljnlmKhrilt  tut  ogeBtiiclio  GeMndhoiU|)l1cge,  Suppl.  XSIV. 
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symptoais,  Thi«  aci(]  U  not  tw  uucommon  constituent  of  water  in 
mimite  amoonta,  especially  in  ibe  vicioity  of  cities  and  large  towns, 
wIktc  it  rxists  in  tUr  atnwsphcn;  at  an  impurity  rluo  to  tlie  oorabusfin 
of  ooal.  Tbe  peaty  aeids  alt>o  have  considerable  actioQ  on  lead,  bat 
llieyarc  not  nlwuv*  prownt  in  waters  from  jiwily  deposit**.  Some 
browQ  waterG  appear  to  exert  but  very  fiUgbt  action,  while  otben 
inteiu^fJy  oorroHJve.  Tbc  peat  acids  are  supposedly  due  to  the 
of  certain  micro-organ  isms  found  in  peaty  boiIb,  for  »  neutral  steriUi 
deoootioR  of  peat  to  which  a  .imall  amount  of  fresh  peat  is  added 
in  a  short  time  develop  un  acid  reaction  and  ability  to  dissolve 
I^iebrioh  '  reports  a  peaty  water  poor  in  carbon  dioxide  and 
which  took  up  3lX)  part*  of  lend  per  100,000  over  night,  and 
when  calcium  carbonate  was  added. 

'llic  animoniuiri  com |ii>ii rids  nnd  the  nitrates  liave  been  coramoo 
Huppoeed  to  have  a  very  marked  corrod\'e  action  on  lead.     Thai  ibil 
supposition  IK cornKit,  [im  l>een  amply  proved  by  Mr.  Clark's  resear 
Their  action  is,  however,  manifested  only  when  the  water  contatnia 
them    is   ex]>ri3ed  to   air.       Pond    water   eoutaioing  0.00.16  parti 
nmmoniii  and  0.0040  part  of   nitrogen    tu  iiilmttv*  in   100,000 
found  to  have  a  more  oorrasive  action  on  lead  kept  in  liottles  ont  i 
contact  with  uir  than  when  its  nmmoiiiii  nod  nitrate  content  had 
increased  to  O.OS.'JO  and  2.30  parts  respectively ;  but  when  au  air  i 
was  I'tl  in  the  bottles,  the  ditfKrcnce  in  action  wa.s  most  remarhwk] 
The  results  of  these  experiments  are  shown  in  the  tables  below, 
original  water  yielded  the  following  results  on  analy^». 

Frwo  itmiiionia. .......... . O.OCKtS 

Nitrumi  Miiitnitai 0.0040 

Clilorinc. „ 0.1S 

ToUl  aolitU - l.M 

HHrdiina , ».„ 0.30 

Color. „ 0.16 

The  water  waa  kept  in  half-gallon  bottles  into  each  of  which  a  p*^ 
of  clciiii  lead  piiw  ciglit  inches  lung  was  introduced.     lu  one  «criffl,t 
bottles  were  completely  filled,  and  in  the  other,  an  air  apace  was  I 
At  the  end  of  a  week,  the  water  in  each  boUle  was  analyzed. 


Kaluvtof  Itaa  *dd*d  gubiMiiM. 

rwi«f  tMdtfmwJ 

BiniMBM. 

au^mMJ 

0.1SH 
0.1W6 
0.0»» 
0.0«0» 

ao7i« 

0.0688 
OiOlSS 

0.0061 

iiMHB 

A^^l 

ofl 

^B 

"          "           "       "          '■        "  «,eo 

aMM 

. ' 

XiirnliMit   pouwEuiii.     ImriiMil  frum  COM  to  2.30 

'■              1.                   ■(                                      It                         It                 H          14     1     "Jit 

Uuboiiio  acid  tnd  nuwnnduiu  carbonacs.     II»nla«M  71  ... 
<■           ■<      ■«            •«                  it                    II         I J 

*  Zalttdirifi  far  ui^wandi«  i.liciiu«,  1898,  p.  703. 
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It  will  be  noted  thai  in  every  instance  the  amount  of  corrosion  was 
iocreascd  in  the  pm^oucM.-  of  uir  uqJ  mui^t  intensely  in  tho«o  in  which 
the  ammonia  ana  nitrates  had  been  increased. 

Substituting  iliiftilk-d  water  fur  pond  water,  niid  lulding  the  vame 
flubstanoes  in  practically  the  same  amounts  and  leaving  an  air  sjuice, 
lh«  action  wan  still  more  inttn^-,  excepting  in  only  one  case  ;  namely, 
that  in  which  carbonic  acid  and  magnesium  carbonate  were  added. 
For  the  8ak«  of  comparison,  tlie  resnlts  un>  given  below. 


SuhiUace  ulded. 


Nm1iu>(  miied 

Swusp  wUer,  SOO  oc »■ 

C«nuiicin  nil, .•.,■»•■••• • 

C^aIciuih  cArbouUfl—iH •«*i»a..>.«i>*i««««<ifl> 

eoditim  kUictt* — ... 

Ammonia., 

PotMwum  nitrate 

Cwbonir  wld  uid  mmnmlitni  carlionnw 


Vutt  ft  Imd  pn-  lODjOOO. 


PODd  mUr. 

nuuijiui  «>Mi 

0.8301 

io.eBoo 

0.3G4S 

1.0820 

0.1810 

0.6900 

0.1000 

1.1960 

0.0014 

O.IWS 

8.1860 

11.0360 

U.B800 

ia.S4dO 

cam 

0.0048 

^nie  presence  of  organic  matter  in  the  form  of  peptone  was  fonnd  to 
'  ImsSd  (Dt  corrosive  action  of  nitrates  and  of  ammonia  very  materially. 
Tbn«: 

Dialillccl  wnti^r  eDnCainiii);  nitnitni  O.Sl,  took  np  of  lead. 14.1630 

CVnlaining  nitralt*  0.A4  nml  pr'iiimii'  i  gmm 0.&'j04 

D{itill«<l  wiler  ccinlaiuiiiu  :iiiiiuuiils  O.D'iii -15,3290 

ConiBuung  ammotiU  0.0^  and  pL-puiaa  }  gram « 0.3614 

The  peptone  is  supposed  to  have  npt««i  by  using  up  the  diNsnlved 
oxygen  of  the  water.  The  action  of  the  brown  coloring  matter  is 
explfuneid  by  the  theor)*  that  as  it  uudergoci  ciiotnicjil  otiiinge  carlionic 
acid  is  developed.  In  order  to  ascertain  the  influence  of  active  fei^ 
mcnbttion,  Mr.  Clark  filled  four  bottles  as  follows: 

1.  Merrimnc  River  wattr. 

i,  I  river  viiiler.  i  liuv  infuxion. 

3.  i  river  water,  i  bay  infiwion. 

4.  Ilay  ItifiMJun. 

The  hay  infusion  was  free  from  dissolved  oxygen  and  contained 
little  or  no  carbonic  acid,  InU»  each  Iwltle  was  intr(«lu<s-il  a  piece  of 
clean  lead  pipe  eight  inches  in  length.  They  were  allowed  to  stand 
8-'>  'lays,  and  tht'ii  lialf  the  contents  of  t-aoh  was  withdrawn  for  analysis. 
At  the  end  of  a  further  pcritKl  of  1 29  days,  the  balance  of  each  was  ex- 
amine<l.  The  finil  and  second  jwrtions  of  the  river  water  yielded  re- 
spectively O.2I06  and  0.3IS3  ;  that  is,  nothing  striking.  The  second 
portion.^  of  No*.  '2  and  -i  yielded  five  and  seven  times  as  much  re- 
sjn-ctivciy  as  the  first  p'jrtions,  while  tlic  increase  in  the  second  por- 
tion of  tJte  hay  infusion  alone  was  even  more  remarkable. 
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During  tJie  first  period,  no  carbonic  acid  was  formed,  owing  to  the 
exoIuMoii  of  air,  hut  during  ihe  second  |ii'nii(t,  oiieli  Iwttlcwas  half  full 
of  air  mill  tlic  prociiss  of  furmcnUition  of  the  hav  infusion  hecame  artivc 
and  energetic,  carbouio  acid  waa  developed,  otui  the  pieces  of  lead  were 
tbercbj  Kttaick«d. 

The  constituents  of  water  which  tend  to  bring  almut  oorroBion  of 
leod  arc,  then,  carbonic  anid,  oxygen,  ammonia,  nitrates,  and  froc  ncid«. 
The  subetancee  which,  on  the  other  hand,  exert  a  protective  action  io- 
dudechloHdott,  tsarlmnatcs  and  silinitut,  nnd,  probubly,  8ulphn(c«.  Ac- 
cording to  Crookes,  Odling,  and  Tidy,  a  half  grain  of  silica  to  the  im- 
perial gallon  18  AulTicieDt  to  nfl'Drd  compk't^  ])roU'Ction  in  all  but  \*«ry 
ezocptional  cascH,  even  when  free  acids  arc  present,  but  certain  waten; 
conuining  very  c<>nsi<Ierable  amnunti*  of  silicji  ari'  known  to  J>e  corro- 
sive  to  11  very  clcciilcd  extent,  Tlic  protection  doc  to  silica  may  be 
obtained  by  allowing  the  water  to  flow  through  broken  flint,  flint  and 
chalk,  or  limestone,  hut  ^iicli  trtMitmcnt  HoinetimcD  has  the  undcsired 
effect  of  increasing  corrosive  power. 

Kuditim  luid  calcium  carbonates  arc  very  efGcicnt.  The  bicarbonate 
of  sodium  is  generally  present  in  those  very  Bod  waters  which  have 
the  slightest  action  ;  calcium  carbonate  i»  efficient  whether  or  not  car- 
bonic acid  i«  present  in  the  wiitcr  at  the  same  time.  Four  Kmint  per 
gallon  are  genernlly  considered  to  be  quite  »*uRicient  to  alford  pro- 
tection under  most  circnmi'laiiw*.  A»  un  illustration  of  the  influeDoe 
of  this  agent  may  be  cited  the  fact  that  the  very  pure  water  with 
which  frlasgow  i.*  supplied  lia«,  before  it*  entrance  to  the  ii<(Ueduc(,  a 
marked  pluinl)o-Bolvent  property,  but  loses  it  entirely  in  its  passage 
to  the  city,  owing  to  contm-l  with  this  substance.  In  1RS7,  the  water 
of  DcBsuu  was  treated  siiccc«sfully  with  calcium  carbonate.  Sodium 
carbonate  is  even  more  efSctent  than  the  calcium  .salt,  but  not  always 
equal  to  the  biciirbonnte.  .\t  Kmdcn,  in  1897,  treatment  with  tJie 
latter  was  succeHsfuI  after  the  carbonate  had  failed. 

Inasmuch  oa  the  inlluences  for  and  against  oorroeton  ar«  numerous 
and  conflicting,  the  surest  method  of  determining  whether  a  g^ven 
water  wilt  attack  lead  is  toas<rertaiu  the  truth  by  actual  ex]ieriment. 

Regardless  of  the  character  of  a  water  itself,  it  may  be  said  that  its 
action  is  greater  it  the  lead  is  in  contact  with  other  metals  so  tluit  a 
galvanic  couple  in  formed.  Such  may  occur,  fur  instance,  when  a  tin- 
lined  lead  pi|)e  is  bent  bo  that  the  lining  is  fractured.  Then  the  two 
metale  being  in  contact  with  citeli  other  in  a  more  or  lese  saline  liquid, 
the  lead,  being  the  more  easily  oxidized,  is  dissolved.  Again,  the  tin 
lining  may  develop  weak  spots  which  may  become  corro<led,  and  as 
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SOOQ  lut  t)i«  Iriul  m<ing  i.i  reached,  tlie  j*ah'Knic  action  box^omes  cstab- 
Itab«ti.  I<«ail  pi]>e  oontainiDgnemull  percentage  of  tin  will  yield  more 
Ind  to  n-ittor  tlmti  n-ill  ordinary  lend  {>i])c,  especially  if  free  carbouic 
asid  is  present. 

A  new  li^d  surface  will  yield  mnre  than  an  old  one,  as  is  tdiovrn  by 
Professor  Mason,  who  found  that  the  snmc  wattr,  slort'd  for  three  and 
a-Iialf  roonihB  in  contact  mth  new  and  old  lead,  yielded  -^^.tO  and 
'•i.Ba  part«  per  niillion  ri-j^pfctively. 

Hot  wat^r  is  more  corrosive  than  cold,  and  in  the  oaae  of  either  the 
solvent  power  is  iiicrvnsctl  by  prctwure. 

The  result  of  the  continuous  iiigeation  of  minute  amounts  of  lead 
nuy  be  nil  nr  the  production  of  greater  or  Urss  nmrkcd  lunnifrntationi 
of  obronic  lead  poisoning.  Prom  the  fact  that  lead  pipe  is  in  very 
gfneral  um  for  houijc-nmin.')  and  distributluf;  pipes  and  that  ohromo 
lead  poisoning  is,  eomparativcly  speaking,  a  not  very  common  trouble, 
it  wems  reasonable  to  conclude  that  with  the  great  majority  of  persons 
the  metal  is  eliminated  with  sufficient  riipidity  to  prevent  accumula- 
tion and  cumulative  action.  In  Massachusetts,  seventy-one  munici- 
jnlities  reportwl  to  Mr.  H.  W,  Clark,  in  re^poniio  t«.>  ini{iiiri<»  enncern- 
ing  the  extent  to  which  lead  service  pipes  are  used,  that  both  lead  and 
klui-tined  pip>'»  were  in  uni>  ;  .««ven  report^l  that  lead  w:is  used  ex- 
elosivcly,  and  fourteen  that  fifty  per  cent,  of  the  service  pipes  were  of 
lead.  Not witli.<< landing  this,  it  appear.-t  ihiit  in  but  four  of  tht'se  places 
lius  there  been  any  marked  prevalence  of  lead  poisoning.  These  four 
plaoea,  Kingston,  Lowell,  Milford,  and  Fairhaven,  and  others,  where 
oocastoiial  poisoning  has  bceji  reported,  are  all  supplied  with  ground- 
water. 

In  the  report  referred  to  above  Mr,  Clark  says:  "Our  investigations 
«o  far  made  in  the  towns  and  cities  having  surface-water  supplies  have 
failed  to  reveal  any  ciu<e!<  whatever,  although  many  of  these  waters  at- 
tack lend,  the  amounts  found  in  some  samples  not  being  inconsider- 
able, and  the  Icjid,  taken  in  this  manner  into  the  systems  of  many  of 
tbo  inhabitants  of  these  cities  and  towns,  may  oausc  mild  or  unrecog- 
aixed  caees  of  lead  poisoning." 

OocasioDnllr,  fatal  lead  poisoning  U  caused.  In  one  envh  case,  re- 
ported bv  V,  Schneider,'  the  water  was  very  soft  (hardness  1.40)  and 
eonlaineti  O.S-i  mgi".  h-nd  per  liter.  Alter  three  months'  use  of  the 
water,  a  young  girl  of  seventeen  died  with  all  the  characteristic  symj)- 
toms  of  poisoning.  Analysis  of  the  organs  yielded  lead  to  the  extent 
of  7.5  mgr.  from  the  cesophagtis,  stomach  and  duodenum,  and  24.7 
mgr.  from  the  kidneys,  liver,  and  spleen. 

Action  on  Iron. — Corrosion  of  in»n  iti  favored  by  the  presence  of 
nitrates,  nitrites,  ammonium  compounds,  mint^ral  and  organic  acids, 
chloride  of  magnesium,  oxygen,  and  carltonic  acid.  The  latter  iit  es- 
pec-iuUy  active,  as  has  lieen  shown  by  Professor  LelfmBU  and  by  R. 
Petit,     The  latt«r,'  investigating  the  cause  of  the  destructive  action 
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of  water  rich  in  this  gas  and  pnor  in  lime,  placed  a  oertsiD  amount , 
of  iron  filings  in  eucli  of  Uiret-  vesncls,  one  of  wliicli  imntiiinnl  »r£-l 
nary  water,  ihe  seoond  ointaining  water  tlirough  which  a  str«aaii 
rarhoiiic  acid  wtt»  cornlHct€<l  ft>r  several  niiiiiiu^,  ami  tlw  third 
witli  water  to  which  enough  caustic  lime  had  been  added  to  bind 
diaiwlvod  cArbonic  ncid  and  to  give  an  alkaline  reaction  to  phenolp 
thalein.  After  a  time,  the  iron  in  each  specimen  was  determined  ' 
tl>e  fullovring  results,  which  prove  the  great  influence  of  the  gai. 

I.  .1.15  iDKT.  per  Hter. 
8.  'iOO.OUmgr.  per  liter. 
3.  Dnl,v  tn«c» 

Both  cast-iron  and  wroughtriron  pipes  may  be  rapidly  acted  upotti 
un1t!ss  their  inner  surfnces  ar«  oovered  by  somo  protective  ooatiog  neh' 
aa  asptialtum,  and  even  then  at  the  joints  where  the  protecting  surfweJ 
is  nut  ci>Tilimi»ii.'<  or  Itewmes  detached.  Some  siirtitco-wntrr*  foroi' 
protecting  Uyer  of  vegetable  matter  on  the  surface  of  the  pipe,  and  tliia 
is  far  more  efficient  tliau  artiticini  applicatioRfl  and  poflftc»^e«  tlie  addi- 
tional merit  of  imparting  no  unpleasant  taste. 

The  rust  formed  in  imn  p i pea  ia,  under  favorable  conditions,  ili»- 
churgtHi  in  the  flowing  wattrr,  but  it  ia  often  depo«it4'd  in  bcnd^  ami 
near  joints  and  may  cause  obstruction,  amounting  sometimes  to  <  <i<- 
plctc  occlusion. 

Action  on  Zinc. — On  account  of  the  action  of  water  on  plain  iron 
pipes,  pipes  of  gidvanized  iron,  tliat  h,  imn  coated  within  and  mth* 
ont  with  metiillle  zinc,  have  be«n  reeommended.  This  lining  is,  how- 
ever, very  easily  corroded,  es|>ecially  if  the  water  contains  oivpio, 
carlwnic  a<iid,  ammonia  or  uilrate»,  and  tlie  water  is  made  milky  If 
the  oxide  and  carbonate  in  suspension. 

Wh<!ther  or  not  the  r.ino  oonipoiintU  oosirring  in  water  can  be  pnv 
duclivc  of  harm,  is  a  point  on  which  authorities  difler.  But  at  U-i"!  i' 
must  be  admitted  tliat  they  may  cau.te  chronic  and  obstitiate  constipa- 
tion, even  when  present  only  in  small  amounts,  and  that  zinc  is  not  a 
cumulative  poison.  Dr.  John  C.  Thresh  '  mentions  a  case  of  obstinate 
ciinsligiation  in  a  child,  due  t"  the  uwe  of  drinking  water  which  pv^ 
through  a  half  mile  of  galvanized  pipe.  Ilelief  followed  the  dismui. 
tinnance  of  the  supply. 

Analysis  of  water  drawn  from  galvanized  pipes  has  often  rev( 
very  lat^  amounia  of  zinc.      Measre,  J.  A.  and  E.  Vi'.  VoeV 
reconi  an  inli-resting  caw  in  which  (he  hot-water  pipes  of  a 
supplied  by  water  piped  a  lialf  mile  through  galvanixed  iron, 
completely  bh>cked  by  a  de|>o«it  of  zinc.     The  water  wa»  very 
and  soft  and  c^ntaincfl  but  six  grains  of  total  solids  per  gallon. 
depodt  contained  C4.''12  per  cent,  of  ba-w  carbonate  and   21.96 
cent,  of  oxid*-  of  zino. 

Zinc  is  sometimes  a  normal  constituent  of  water.     Mycliiia* 

'  Wiit*r  Rod  Wni«r  Soppli«<^  LendQO,  ISO)}. 
•Tlte  Aoalnt,  JdIv,  1896. 
'Ibidwu,  f\-.,p.  Al. 
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about  half  a  gmiii  per  gallon  in  tbr  wnlcr  supply  of  Tutcn<lorf,  and 
Carl  T.  Murner '  hiui  rejtoned  the  presenoe  nf  0.015  part  of  nno  car- 
bonate |KT  million  in  llit  wiilor  of  n  wt-H  near  Ujisiila.  Tliis  well, 
which  was  but  about  fifteen  feel  deep,  bad  been  in  use  for  over  a  year. 
The  water  was  submitttKl  for  annlysis  solely  on  account  of  its  peculiar 
taste,  and  beyond  the  fact  that  it  yielded  zine,  the  source  of  which 
could  not  \k'  determinnl,  t\w  rn^nlt^  of  the  analysis  wore  very  favor- 
able. Ho  unpleasant  etfecta  had  been  noted  anions  those  who  used 
tbe  water.  Two  i^prings  In  Alisdonri,  according  to  HiUcbrand'  yii'ld 
much  larger  amounts.  In  both,  the  zinc  exists  in  the  form  of  sul- 
phate. The  yield  amounts  to  120.5  and  132.4  parts  per  million,  re- 
spectively. 

Action  on  Tin. — It  is  commonly  ituppoeed  that  tin  is  unaffected 
by  water,  but  i§uch  is  fitr  from  being  tiie  case.  Tin  it)  attacked  by 
water  to  quite  a  considerable  extent,  though  not  so  readily  as  tbe 
other  motflid  mentioned.  But  the  eomiKiunds  formed  arp,  so  for  as  we 
know,  quite  incapable  of  causing  the  slightest  injury  to  the  system, 
and  tliin  metal  i*  highly  re<!om mended  la  a  lining  for  iron  pipe».  Iln 
cost  alone  prevents  it  from  supplanting  lead  for  house-mains  and  dis- 
tri  lilting  pipe«. 

Bacteria  in  Water. 

The  ordinary  water  bacteria  nre  of  tbe  harmloss  and  benefieont 
lands,  which,  depending  upon  dead  organio  matter  for  sustenance,  bring 
aUmt  it«  conversion  into  simple  cbeniionl  subntances.  How  many 
species  of  these  saprophytic  oi^nisms  exist  in  water  cannot  be  said, 
hut  alx)ut  two  hiindriHl  varieties  have  thus  far  Ix'en  deweribed.  They 
maybe  present  in  small  or  in  enormously  large  numbers  without  being 
neoeasarily  of  any  hygienic  significance,  although  usually  their  existence 
in  Inrgv  numlH-m  indicates  the  presence  of  an  nbundanoe  of  organio 
matter,  and  yet  they  may  thrive  and  multiply  enormously  in  water 
containing  almo!*t  no  organii.-  food  nmt'-rinU.  Indi-nl,  mulliplicjition 
occurs  more  rapidly  in  pure  than  in  polluted  water,  but  diminution  in 
number  in  aUo  more  rapid.  In  impuri'  water,  ihcy  multiply  slowly, 
but  tlieir  growth  is  persistent  and,  under  onlinary  natural  conditions, 
sudden  marked  diminution  in  number  doe.s  not  occur. 

Besides  those  forms  whoso  natural  habilut  is  water,  others  arc  otVu 
present  whose  natural  habitat  is  the  bodies  of  man  and  animals,  and 
which,  in  water,  arc,  tlierefur^^,  in  un  unnntnml  meilium.  These 
forms,  which  include  the  pathogens,  probably  do  not  inorease  in  num- 
b«r  in  water,  whether  the  latter  be  pure  or  extensively  polluted.  They 
live  for  a  certain  time,  retaining  their  virulence  in  undiminished  de- 
gree, and  tlirn  tend  to  become  modifii'd  in  tlii.i  rei«pect  and  rn])idly  to 
disappear.  The  germs  of  choleni  have  been  found  in  Seine  water  in 
an  iKiive  state  aOer  seven  days,  and  in  ordinary  drinking  waters  as 
long  as  twenty  <lays  after  addition.     The  typhoid  fever  organism  will 

■  UpMln  Ldkan:rurciii[ii,-«  Porhandlinumr,  1803,  Vol.  III. 
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live  for  greater  or  less  periods  of  time,  according  to  circunmUoces : 
has  hetta  fouDd  in  wry  pure  tvutiT  afU-r  more  than  seven  wnk«,  whllt 
in  badiv  polluted  water  its  life  is  quite  short.     Sunsliioe  and  lerap 
lure  ap|iear  lo  have  very  dividcil  inflneitov  upon  it*  vitality.     TbctI 
Qucnc«  of  Minsliine  ts  modified  by  the  depth  of  the  water  in  which  i 
oi^nism  is  f<u4peiided.     Huehiier '  has  shown  tliat  the  rays  of  tlv  i 
will  kill  ctiiturui  nf  the  typhoid  bacillus  at  a  deptb  of  about  fi\'e 
in  four  and  a-half  hour^  while  at  double  that  depth  their  cOects 
banlly  perw-ptiblc. 

While  it  is  true  that  tlus  or^ianiani  Hurvivea  longer  in  cold  thasi^ 
wanu  wMther,  it  cnnnol  l>e  said  definitely  tltut  the  reason  lies  in  : 
inherent  greater  resistance  to  the  influence  of  cold  than  to  that  of  he 
and,  indi^,  il  j^rm*  more  pn>l>al)le  that  tlur  true  rxplanaltnii  of  th 
&ct  is  to  be  found  in  the  fact  that  in  warm  weather  the  conditions  i 
more  favorable  to  the  growth  of  the  common  specter  of  walrr  bacb 
which  arc  Wlicvcd  to  secrete  suh^taaces  which  exert  a  toxic  inllu 
on  patbogeos  and  cause  tl>em  to  disappear.     The  belief  titat  iuich 
are  seoretcd   is  stren^thcncil  by  the   researches  of  Frankland,' 
■hows  that   waters  which  do   uot   favor  bacterial   multiplicaliao 
changiti  in  (bvs  parlicidnr  on  being  boiled.     He  found  that  while  i 
thrax  spores  were  much  diminished  in  number  or  actually  deetroj 
in  a  «hort  time  in  unsterili]!i.>d  water,  their  numbers  were  not  redo 
and  their  virulence  remained  uitimpaiivd  after  upwards  of  seven  mo 
in  sterile  nater. 

Tliese  toxic  substAncvs  arc  prc:«umably  not  Hecrclo:!  by  all  fotnu  i 
water  bacteria,  but  only  by  certain  species  which  may  or  may  not  I 
present  in  any  given  water,  and  it  la  regarded  ax  mo*t  likely  ttial  the 
are  not  inimical  to  the  same  extent  tu  all  varieties  of  patbogeaa^I 
tlial  8ulMtance?t  harmless  to  one  kind  may  act  fatally  on  aitothcr. 
general,  it  may  bo  stated  tliat  tboi>c  pntJiogcns  which  form  spores 
their  vitality  and  virulence  longest  in  any  kind  of  water. 

The  onlinary  water  l>acl<>ria  are  found  in  niucli  greAt«r  abun^ 
in  surface- waters  than  in  ihow  derived  from  the  soil.  Indeed.  maDjj 
obscrviT.t,  including  Koch  and  Fraenkel,  have  maintaini-d  that  wan 
from  the  uiiiwllut*-!!  subsoil  are  practically  sterile.  This,  howe 
,ha8  been  shown  by  Sedgwick  and  Pre^cott^  to  be  not  the  case.  Usin 
'  Improved  methods  of  investigation  and  paying  special  attention  to  I 
nature  of  their  ctiHurc  media,  these  observers  demonstrated  coadn 
eively  that  wholly  unpolluted  springs,  wella,  and  tube  wciU  mayyie 
oonuderablc  nuni1>crs  of  bai>teria  and  sometimes  a  greater  abund 
than  is  contained  in  i^omc  surface-waters. 

In  their  paper  they  state  "that  the  plntc:*  are  remarkable  noti 
for  the  slow  gr.)w(h  of  the  npet^^tcK  present,  but  also  for  the  abmnoci 
liquefying  colonics,  and,  iu  many  cases,  for  the  abundance  of  chr 
gento  varieties.     These  facts  are  especially  important  aa  indi~ 
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tlw  total  absence  of  cnntnmiiintinii  by  onlitinn'  i)tirra4.<o-wnt«r,  mid,  oa 
fcr  as  tlwy  po,  tlioy  »trcHj^tieii  the  conlidcna.'  witli  which  well-pro- 
teotett  groiind-watern  may  be  regarded  as  sotin'os  of  public  water  i*up- 
ptifiH."  Their  cuncliDiioiis  and  r«sulte  have  b».<n  ciunlirmcd  u  number 
of  times  by  other  ooiupetent  invefttigator»  eUen'here,  Oroiiud- waters, 
when  br<>Uf;hl  to  the  siirfiicc  nnd  exposu'd  to  tbi.'  nir.  wjoii  bccfjniu  rich 
in  the  ordinary  forma  of  liactcria,  which  find  in  iJicni  the  conditions 
acootuiry  for  cxtmordinurily  rapid  miiItipli<-ntion. 

Sur&ce-watera  vary  very  muoh  in  their  baoteriaJ  content  according 
•9  the  oondilioni*  preitcnt  at  any  one  time  fiivor  or  retard  growth  ana 
aooomonfi.  Suneliine,  influx  of  food  material  or  of  eubstimces  inimi- 
eal  to  baotcriiil  life,  MHiimt-ntatiMn,  and  growth  of  higher  nrgniiiAins 
ftct  for  or  againitt  incn>:i)>«.  Suspended  mutters  in  their  descent  curry 
down  with  them  the  bacteria  that  liave  gathered  npon  them  or  have 
beeu  cnt«ngIi.-<)  by  contact.  The  dimintition  in  their  number  by  this 
meatia  is  more  marked  in  still  watera  than  in  rivers  with  rapid  motion. 
The  growth  of  algw  and  other  water  phints  causes  diminution  by  re- 
moval of  the  nutrient  raaleriala  upon  which  the  bacteria  depend,  and 
probably  through  nomu  other  iuflnencw  not  yd  disenvenrd.  The  in- 
crease in  bacteria,  sometimes  noticed  during  the  colder  months,  is  ex- 
plained by'Frankland'  by  the  fact  that  in  winter  muoh  water  runs  in 
ov«r  the  surface  from  manured  fields. 

There  is  one  form  of  microscopic  organisms,  belonging  to  the  dass 
of  fungi,  which  merits  special  mention  :  Crvnuthrlx  Kiihninna.  This 
is  a  small  lilamentoiu  plant  with  cells  no  larger  than  the  ordinary 
bacteria.  It  grows  chiefly  in  gmund-w.nters  whicb  contain  organic 
natter  and  iron,  the  latter  of  which  ingredients  it  6xes  in  the  form  of 
ferric  oxide  in  the  gttlatiuous  sbe-alh  of  ite  tilnmunts,  which  thereby  be- 
come yellow,  yellow  brown,  or  brown  in  color.  It  causes  great  trouble 
by  the  rapidity  with  which  it  gniwtt  in  water  pipes,  the  lumen  of  which 
is  not  infrequently  completely  occluded.  This  can  occur  more  readily 
where  the  surtact-  presents  roughness  and  imi>erfeotions  to  which  the 
growtiis  may  attach  themselves.  When  the  lilanients  are  broken  off 
and  become  disseminated  through  the  water,  the  latter  is  rendered  unfit 
for  laundry  u«c  on  account  of  the  iron-rust.  Stimetimes,  it  givex  ria« 
to  ditagreeable  odora  and  an  inky  taste. 

It  may  be  very  Inndjlesomi^  within  the  tubes  of  driven  wells  or  in 
the  reservoirs,  as  well  as  in  the  distributing  pipes.  Sometimes,  it  may 
be  seen  in  large  aggregated  masses  floating  about  on  the  surface  of 
stored  water.  By  its  extensive  growth  in  pipes,  it  may  seriously  atfect 
a  whole  public  supply. 

Water  and  Disease. 

The  ii«e  of  impure  watf-r  fur  ilritiking  and  other  domestic  purposes 
may  be  a  direct  cause  of  disease,  and  it  is  supposed  also  to  act  upon 
the  system  in  audi  a  way  as  to  lower  the  n-sinlanci.^  of  the  body  t<i  the 
action  of  infectious  matters ;  but  it  must  be  borne  in  mind  that  the 
>Tb«  B«t«cial  PuriGcatioD  of  Water,  Londoo,  1897. 
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□abire  of  Uie  poUutiDg  materiftl  U  of  far  greater  importance  dua  ill 
mere  amount.     To  mjuDtiLm  tfaut  water  containing  anj  conuff 
Amount  of  oi^nic  mailer,  r^ardless  of  its  character  and  Muroc,  wiH 
inevitably  tend  to  produce  it  gt-m-ral  imjuiirnn-nt  of  hrtilrli,is  as 
an  error  as  to  underrate  the  danger  poeitible  to  arise  from  a 
amount  of  »ped6c  (»>utami nation.     It  ti*  quite  a.<«  improbable,  for  a 
stance,  that  the  amount  of  dissolved  v^tablc  matter  neccMarj 
yiold  albiimiuoid  uitinioiiiii  in  what  may  lie  designated  "  oonsidenble'^ 
amount  can  do  any  gn^at  injury, tven  wlit-n  constantly  ingested, ati 
an  infuKiiiii  of  tea,  whicli,  by  the  same  procciii  of  analysis,  would  yic 
results  nliich  would  lie  startling  in  compuriBOii,  could  ofitwlfooDiI 
to  the  development  of  an  infectious  disease. 

Alaruiists  imiy  njwt  a*  iin'<uilahlv  for  hutiscltold  piir]K«<^  a 
containing  an  amount  of  vegetable  matter  aufiScient  to  give  a  yc 
brown  color,  nod  uc(K-pt  un  sufliaently  pun-  another  containing 
organic  matter  and  lees  mineral  matter,  but  with  it  the  micro-or 
of  iuftwlioiiA  diitease.     They  go  to  the  extreme  of  saying  that 
matter  in  solution  must  "lower  the  tone"  and   mnst,  llwrtfore,  I 
avoided,  and  if  asked  why  this  is  so,  fall  back  on  "  general  prindplci ; 
and  "common  ecnsc,"  upon  which  so  much  illogical  unexpk 
theory  is  based.     As  a  matter  of  fact,  we  know  that  n-ater  wbicfa  H  if 
a  8Cuse  impure,  but  not  ii[H;cifically  polluted,  may  be  n»«d  year  ia 
ymr  out  without  injury.     We  know,  further,  ttiat  water  oontaiuo 
mudi  less  organic  matu^r,  but  infecU-d  uith  l>acteria  of  certain  kiiidf.ijj 
likely  to  cause  disease  in  at  least  a  part  of  tbuse  who  use  it  once,  i 
Otiionally,  or  habilually.     We  know  alao  that  a  water  once  specifi 
Diluted  may,  uiid«r  similar  conditions,  be  again  polluted,  and  in 
interval  may  l>e  of  good  quali^. 

We  know  timl  waU-r  c^niaining  large  amounla  of  dij«olved 
tabic  matter  in  process  of  decomposition  or  of  a  definitely  pois 
character  may  produce  disturhanecvt  of  a  very  i«riou.4  nature;  thtt' 
abundance  of  minute  water  pltmt»,  as  algn,  and  animal  oiganiimi,) 
infusoria,  may  pri»duce  ill  effects;  that  dewimposing  animal 
sometimes  yii-Id  toxic  subMiinws  of  great  potency,  and  that  ('xasB* 
mineral  matter  in  suspension  or  solution  is  not  without  its  dele 
effects. 

Thcr4:forc,  it  may  be  laid  down  as  a  general  rule,  regardless  tS  M 
&ot  th&t  all  impurities  do  not  necessarily  breed  disease  or  undo 
the  health,  that  all  wnter  containing  or  likely  to  contain  doD 
eewagv,  abundant  growths  of  minute  vegetable  and  animal  or^ 
decomposing  matter  of  animal  origin,  diisanlved  vcgctablu  matter  ofj 
iolierejitly  toxic  nature  or  uudergoiug  decomposition,  or  ej 
amounts  of  mineral  matter  should  not  l»e  aeceptwl  as  fit  for  ha 
consumption.  Especially  must  wc  bear  in  miod  that  polluted 
wliiob  is  quite  free  from  disease  oiganiams  and  toxic  matters  \.o-da!jvt 
contain  them  in  abundance  to-mnrrow. 

Disorders  Connected  with  Mineral  Hatter. — It  ia  very  commool 
ootic«d  tJiat  when  one  changes  suddenly  from  the  um  of  a  soft  «*h 
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kuiQthpr  UiM  i»  quite  hard  there  l(>llow8  a  toiiiporurv  disturbance  of 
InncUoDs  of  the  <IigfMlivc  spparatu^.     The  most  ninrked  effect  is 
lUy  mnMipalion  with  oc(aMoiiaI  tliarrli(i-a.     \iti<^  of  npjwtitt'  and 
_l>t  luiUM-A  arc  not  uiwwiimoii,     TIk-  cfTfds  arc  due  to  the  iiiOiietiei: 
'ibefiallfi  causing  penuaneut  hardnc^R.     l?)iniige  frr-itn  Iinrd  to  sofl 
n  U  ifuitc  a»  likely  to  cause  iiiiiivcti«(oiiR'd  luot^eiiefia  of  the  boneln 
Ihm  the  withdrawal  of  this  icfliience  on  the  inteatiiial  Accrelioiiif.     Just 
much  of  iiiiy  om-  of  Hn--«e  m\ih  «in  In-  sum!  to  be  disliiidly  in- 
to health  U  a  matter  of  doubt,  but  from   10  to  15  parts  in 
!),000  of  wst«r  are  commonly  reganh-d  as  tinde;*irublD^ 
liltbas  been  a«ert«l  that  the  use  of  hard  water  is  one  of  the  chief 
of  stone  in  the  bladder,  bnt  unch  a  oonneerion  is  extremely 
sle.     How  th«  use  of  airlxmale  and  sulphate  of  ralciun)  can 
^'ftbODt  a  depoait  of  Hiic  acid  or  of  oxalate  of  iinieor  of  phospbaleit 
the  bladder  can  hardly  In-  exphuiioii.     The  fiict  also  that  stone  is 
common  in  some  districts  where  the  water  is  aoft,  and  quite  rare 
totben  where  it  is  hard,  »i,u|;g«iiti4  that  Ibe  eauw  is  to  be  looked  for 
tr  in  the  individual   himself — his  itxKl,  bis  metabolism,  his  habits 
lift,  and,  [H-riin[H,  lieredilary  predisposition. 
tSotpeoded  mineral  matter,  as  clay  and  marl,  will  often  cause  diar- 
.  in  persona  not  habitnated  to  ita  use,  and  not  infrf^quently  in  those 
I  art. 

Tbe  dist&'ie  nitut  commonly  connected  with  mineral  matters  in  water 

igttHrc.     Thjit  this  diBeasc  can  Ix?  pr<.Hlu<H^t  by  drinkinfj  water,  cyin 

li^  be  donbted,  for  it  is  a  well-known  fact  that  in  SwitKerlanil  and 

for  iiiaiance,  there  are  wells  which  yield  waters  which  am 

fully  used  for  the  intentional  production  of  the  disease  with  tbe 

l«  tveniM:  winipulsory  military  service.     The  enlai^ement  is  not 

rilv  a  permanent  ilit-tignrenient ;    di»u»e  of   the  wiiter  maybe 

DT  di^p|>earancie  of  the  swelling,  but  oftentimes  the  disease 

liatpntionally  acquired  \»  not  to  be  shaken  off. 

The  exciting  cause  has  been  attributed  to  the  presence  or  absence  of 

mineral  »rnlii<t.-ince«,  but  the  wide  variety  of  the  supjvised  agents 

(oT  tttelf  strong  evidence  of  llio  pcK)r  foundation  upon   which  the 

mailer  theory  rests.     It  ia  noticed,  for  instance,  that  in  .'»ome 

ii«8  where  tbe  disi-.iM-  is  especially  pR'valeiit,  the  wnl  ts  largely 

■tan  limestone,  and  ihat,  as  might  be  supiHised,  the  ground-water 

inch  in  lime  and  miigni-'.iiim  Htltit.      Therefore,  it  i"  renwiiicd,  mngiie- 

.  Um<'vt<jno  mm-t  be   ihecauiM;;  but  there  are  many  such  dit-tricts 

I  goiliv  is  unknown.     More  than  that,  the  dist'a.->e  is  endemic  in 

qoartera  where  the  water  is  sofl  and  almost  free  of  lime  and 

Bum  sails.     Again,  it  has  been  attributed  to  the  presence  of 

I  ailts  of  iron,  but  tliis  the<iry  iil«)  cannot  Id'jir  the  liwt,  for  those 

f\n  pRMOt  where  no  goitre  is  seen,  and  may  be  absent  where  tlie 

Itievaik.     Absence  of  iodine  is  anotlier  explanation  based  on 

_  worthy  of  credence. 

!  most  probable  oau;»e  is  now  believed  by  some  to  be  an  organiaiQ 
Boarisbea  in  the  water.     Tbe  firet  to  promulgate  this  tlieory 
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were  Italiun  ubaorvcrs  who,  \»  1890,  ro))ortcd  facl«  of  interest  benriug 
on  the  qiieation,  flinnc  which  lime,  other  observers,  gmrticularlv  in  India, 
hnvc  contribiitvil  fiirlhur  cviik-nco  of  its  i>n)bablc  truth. 

Tlie  most  Atrikinii;  facts  hiive  been  presented  by  8urg«s)n-Lieat«aant 
E.  E.  Waltor*,'  ivIidmi-  observiitwus  wen-  piin<iio<l  in  nilistrict  in  India 
90  tbonaand   foot  iibove  seu-level,  with  extremely  pomus  wiil   and 

wiitiT  Hupply  (■ontjiitiiiig  bill  !i(Iight  nnirtimts  of  urguiiic  Slid  niineml 
matler  and  hut  minute  truces  of  iron. 

Till-  iidmliitaiitri,  who  live  under  the  ^me  climntic  oonditioiw,  but 
with  different  occupation)),  may  he  dtvidinl  into  two  classes;  Uio 
native  llhiilias  and  the  Sepoy  troops  from  tlie  northwc:tt  provinces. 
Tlie  former  arc  curriers  and  coolies ;  they  are  omnivorous,  but,  by 
reason  of  poverty,  mostly  vegelarians.  Their  ehief  diseased  are  goitre, 
syphilid,  luid  inaliiriii.  The  (•■mporiiry  iidmhitiints,  the  Sepoys,  nro 
all  vegetarians,  and  are  a  healthy  lot,  practically  free  from  syphilis, 
ftn<l  living  nndi'r  (-Kwllont  hygienic  condition!).  They  had  been  tii  the 
district  twenty  mouths.  Kxamination  of  169  Bhutius  showed  that 
over  Tft  per  M-nt.  hud  goitre ;  nearly  90  per  oent.  of  ihosi?  over  Iwelve 
years  of  age  were  altlieled.  Of  3S0  fk-poys  examined,  54  per  cent,  had 
goitre.  The  Bhutiits  say  that  their  goitres  increase  during  the  nuny 
season,  and  this  is  borne  out  by  tlie  out- [Kitieiil  register  and  regiments! 
admission  hook  for  18!I"j.  All  the  British  officers,  U)o,  had  suffered 
fnim  enlarged  thyrnlds  during  lint  preei^ling  rainy  sejison.  Their 
drinking  water  was  passed  through  a  Pasteur  filter;  all  other  %v3ter 
iiscsl  was  taken  lu  tea  or  soda. 

Taking  np  the  sevend  conditions  which  have  been  alleged  as  the 
ctuiw  of  thi>  pnwess,  he  shows  them  to  be  not  at  fault  in  this  |»articu- 
hir  district.  Iron  is  presenl  in  the  wuler  only  in  very  minute  quanti- 
ti&s,  and  the  highest  degree  of  permanent  hardness  was  but  three  and 
a-hnlf.  A«  to  limi;  as  ii  ennse,  it  appmrn  that  many  of  the  Bhulias 
without  goitres  are  great  lime  eaters,  while  of  the  Sepoys,  who  never 
touch  it,  over  50  per  wnt.  had  developed  goitres  within  twenty  months 
after  arrival. 

The  theory  that  the  disease  is  due  to  carrying  heavy  loads  up  and 
down  hills  might  satisfy  in  the  case  of  the  Bhutias,  but  not  in  tliat  of 
the  Sepoys,  who,  though  not  carriers,  yet  hax'e  goitre.  Further,  as  to 
age,  it  appiMirs  that  Jj-'i  jM-r  «-nt.  of  tlie  chihlri^n  under  twelve  bud  uo 
goitres  after  living  there  all  their  lives,  or  about  the  same  jterceutage  aa 
dcveloiK'ii  them  aunmg  the  Sepoys  after  a  visit  of  only  twenty  months. 
He  believes  tlie  disease  to  he  due  to  an  organism  of  the  amoeba  type 
with  a  selective  power  against  the  thyroid  or  its  secretion.  For  a, 
time  the  system  opposes  it,  and  sometimes  siK^fssfuIly,  but  when  it 
fcrpowers  the  ]ihagncylic  resources  of  the  system,  the  thyroid  cn- 
fi  in  the  cHbrt  to  couibal  the  jtoisoii.  Under  thyroid  feeding  (two 
flveogratn  tabloids  daily)  the  records  show  a  weekly  diminution  of  a 
quarter  to  half  an  inch  in  the  eircumfcrenoe  of  the  Sepoys'  nocks,  and 
when  the  treatment  ceiises,  the  gland  again  increases  in  size.  That  is 
>  Britiali  M«dicd  JDuriml,  S«pt«iul>er  II,  1S07. 
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■r,  addtttooal  resbting  pon-er  in  adniintittcrcd  in  the  ithnpn  or  thy* 

taMoi(U  wliicli  kwp  the  poi»<on  in  clii'ck  uud  ullow  the  gland  to 

its  normal  fiz^,  but  on  withrlrawing  the  accenaory  ngcul,  there 

fciEininiithed  n^it-lnnce  ami  a^iin  nn  iiicrc^iw  in  tixe. 

Disorders  Connected  with  Organic  Pollution. — Ordinar}-  vege- 

natier  in  «iii<[N-n)>ion  nnii  iibiiiidiiiit  gmwlliu  of  nlfrtv  nnd  othrr 

f]aiit*  will  Htmctimes  cause  diarrhcpal  troubles,  but,  §o  far  as  in 

ewn,  ownot  cau-te  s[)epific  di.«(^a.-^.     IVnty  mutter!*  in  !«)Uiti(>ii  have 

'tod  then  appeared  to  be  coaneeted  iu  some  way  with  intestinal 

faingement,  but  we  have  no  ahmlote  knowled^  tliat  they  actnally 

bre  been  or  can  be  a  ciium-  of  ttuch  trouble. 

We  know  only  two  diseases  which  we  can  say  with  certainty  can  be 

by  water,  and  tJwy  ure  eholcni  nml   tyi>hijid   fever,  bnt   it  in 

only  said  that  water  is  a  great  factor  in  the  spread  of  diphtheria, 

fever,  malnria,  and  dysentery.     In  Uic  case  of  dipiitlieria,  the 

,  of  e^Hdence  is  certainly  against  its  being  a  water-borne  disease. 

il  some  evidence  of  itti  spread  through  the   ime  of  a  eommoti 

topply,  btit  in  these  eaises  there  is  usually  a  common  drinking 

i,  and  probably  a  prc^iflting  case  of  the  ditteaiie  among  the  drink- 

The  diphtheria  orj^nism  cannot  long  l!u^^'ivc  in  wutcr  which  ia 

IteiT  extensively  pnllated. 

Ai  10  y»-!low  fever,  the  connection    \»  only  suspected  :  there  is  no 
" " '  noe  whate\*er. 

rOMbreak«  of  dywntery  have  occurred  which  seemed  to  be  due  to 
!D0e  of  *rater  contaminated  with  fwcal  matters,  but  though  it  can, 
,  be  an  ooeasionnl  i-iiuM>,  it  certainly  i.«  not  a  common  one. 
'  TWre  is  plenty  of  evidence,  such  as  it  is,  that  water  from  certain 
imay  canseontbreiiksof  feverof  a  malarial  character,  and  among 
^•ttwtgMt  cases  arc  tlwsc  tu  which  large  luimbers  of  persons,  as 
have  been  taken  at  about  the  same  time  afler  using  a  water 
tikis  wirf.  Bui  it  must  not  Im-  tfuppfiHifl  llmt  all  mnrsh  water  will 
fever  nor  that  all  water  from  a  malarial  district  will  do  so, 
many  eomRiunitie»  uite  mari^li  water  wilh  no  Imrmfiil  roxnlt,  and 
>  water  of  a  malarial  country  may  be  used  some  distance  away  as  a 
Gc  supply  with  perfect  impunity.  Such,  for  inntance,  is  the  case 
I  part  of  the  supply  of  Itonie. 
One  of  the  strongest  caws  showing  possible  or  probable  connection 
rn  water  an<l  malaria  is  rejjorted  by  Laveran,  and  it  shows  alao 
Miction  of  the  stomach  at  rest  and  at  work.  A  detachment  of  sol- 
idnnk  at  a  certain  well  and  then  enjoyed  n  hesrty  meal ;  another 
Juent  ate  fir.-t,  and  later  drank  from  the  same  well.  Of  the  for- 
T,  all  liee.-»me  Mck  with  malaria  ;  of  the  latter,  none  were  affected. 
«  iliflerence  in  the  results  was  thought  to  be  due  to  the  fact  that 
«e  who  BMspod  took  no  water  until  the  gastric  juice  wa.^  called  out 
tkr  pnicess  of  digestion. 
Qfdtt  a  number  of  frtiM^a  are  recorded  in  which  men  on  sliipboard 
INtBed  the  water  of  certain  casks  which  oibers  lmvi>  declined,  the 
Inter  becoming  sick  with  malaria  and  the  latter  escaping. 
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There  is  raare  at  1««.4  ovidontie  that  certain  animal  diMwes  msf  I 
eprcail  bv  wnlcr  oout.iinint;  Itic  ncwwnry  oi^uii.^m.  Hog  cliol^a  snJ 
anthrax  have  certainlv  l«*n  spread  by  water  into  which  Imdiw  nf 
\\msii  tlial  \\m\  iliwi  of  ihcsc  iltiscnws  had  Ijwu  tlirowD,  and  glandm 
may  be  spread  from  horse  to  horse  by  the  use  of  a  eouimwi  cirickine; 
(rough. 

The  iliwfiscs  of  grentest  iotereat  in  oonncclion  with  drinking  wster 
are  the  two  whioh  we  ((in)w  oan  be  !*prend  by  infected  water — cholas 
and  typhoid  fever.  The  first-mcmtioncd  Imppens,  wiili  us,  to  be  one  of 
minor  interest,  inasmuch  as  it  is  a  most  uncommon  visitor;  theothff, 
howe%'cr,  i*  iilwuvs  with  as,  and  wo  have,  then-fiire,  <>>astanl  oppor- 
tunity for  observation  of  the  influence  of  jmllutcd  water  in  its 
miuuitiou. 

The  etrongcst  proof  of  the  \'ali>e  and  efficiency  ofthr  ptiriBcalitiii  of 
water  by  filtrnlioti  througli  «ani)  is  Itie  drop  which  occurs  in  the  imr- 
tjility  from  typhoid  fever  when  »  cu)mmunity  alMuidoiiA  ihi-  use  of  oo- 
treated  jmlhiteil  water  and  adopts  tliis  method  of  improving  the  qiisliir 
withoni  changing;  the  »oiirce  of  supply.  The  city  uf  I^awrenee,  Mn**- 
achusettfi,  for  example,  prior  to  and  including  part  of  the  year  ISSS, 
used  the  unfiltereil  water  of  the  Ad-rrimac  Hiver,  into  whidi  is  pound 
the  sewage  of  a  succession  of  lai^  cities  and  townt;  having  iiiJ  iiftjTf 
gati-]x)pulaliou  of  several  hundred  thousaiid>.  In  the  year  meniioiuJ, 
the  process  of  filtration  was  adopted  and  the  good  results  were  aim*! 
immediali^ly  evident.  Following  are  the  death-rates  from  tT}itwi'' 
fever  per  10,000  of  population  for  the  four  yeure  tmme<lia(ety  prosa- 
ing  and  for  the  same  period  following  the  change: 


"lesB isT" 

IMO 13.4 

1891 ll.fi 

1892 io.a 


TauBf  duai*. 


1883.. 


..AO 


PaUa*lat<lii"i-' 

"l«W.™..4.7 

1886- 3.1 

1806 ..I.fl 

1887 1.6 


It  ia  hut  fair  to  add  that  about  half  the  deaths  from  the  di^'OHii 
1894  and  18!)i>  were  of  persons  who  persisted  in  drinking  unfill< 
water  directly  from  the  caiiale. 

The  city  of  Ilambnty  adopted  flltmtion  in  May,  189:{,  aAer  a  i 
dcva.siating  epidemic  of  cholera  in  the  preet^ing  year.  Typhoid  fe< 
had  always  claimed  a  v«iy  large  number  of  victims  annually,  and  An 
ing  the  four  years  1890-I893,  tlie  drath-rate  from  the  di«ea«e 
2.6  |»r  10,000.     But  in  the  n.xt  two  ( 1 894-1 8(»5),  it  fell  to  0.75- 

0>mpari»<in  of  typltoid  death-ralea  of  cities  using  polluted 
with  those  of  others  iwii^  pure  or  purified  water*  is  most  convii 
both  of  tJie  efficiency  of  filtration  and  of  the  disastrous  results  of 
lecting  to  protect  (he  public  from  the  dangent  of  impure  supii 
Fron]  among  large  cilteit  having  a  population  of  between  one  and 
millions,  Cliicago  nud  Iterlin  may  be  selected  for  compariMn. 
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twi>  cities  hitvi;  at>ou(  tlio  ennte  numb»r  of  inhabitants.  Chicuj^  takes 
its  vrat«r  from  Lake  Michi^n,  into  which  vast  vohimefl  of  sewage  are 
poiirwl  nt  vnriiitw  fxiiiiln,  im<l  ii«is  it  without  jinnfioiitimi,  Bi'rlin  i« 
supplied  by  two  lakes,  Tegtl  and  Miij^'gel,  whicti  are  pi-otectttl  as  fhr  as 
ptwsiblfi  from  polliitioii,  but,  iievertlidi^ss,  wiry  f;.ilIon  used  in  filtered. 

Duriog  tJie  years  I8ilO-18y4,  the  death-ratce  from  this  one  disease 
avenged  84  per  [00,000  at  Chioagn,  an<I  but  8,  or  le»8  thnn  ono-tentb 
as  high,  at  BitHu.  Between  1989  and  1893,  Chicii^o  sufiered  nniiau- 
ally  from  typhoid,  and  in  1891,  the  typhoid  mortality  reached  159.7 
per  100,000.  At  this  time,  tlic  intake  was  situated  but  a  few  hundred 
feet  from  the  shore,  and  in  ooaiiequenee  of  the  ravage.')  of  the  disease,  a 
lunnul  vtw  built,  vxtendiuf;  thv  inUikc  four  miles  into  the  lake.  Th« 
result  of  this  extension  was  nn  imme<lialc  marked  fall  in  the  number 
of  <-<M»,  but  notbiiif;  compiirnble  to  wlint  inif^ht  nasonably  be  expected 
had  the  n-ater  been  subjected  tu  filtration. 

During  the  twelve  months  ontlin;;  Mureli  -tl,  18i)l,  Uifi  cities  of 
Lawnmoc  and  Lowell  with  a  combinL-d  [mpulation  of  123,000  people, 
using  polluted  river  water,  rewn-ded  'i'28  deatlti  from  typhoid  fever, 
while  Bii«lon  with  abnut  four  times  that  number  of  inhabitants,  using 
well-protected  but  nnfiltered  surface-water,  had  but  159  deaths  from 
the  sum;  di»cn.«e. 

The  rccont  e3t[»rience  of  Philadelphia  furniahea  a  moat  instructive 
example  of  the  danj^r  of  ui>in;;  |><>1htted  w»t^-r.  During  the  first  six 
months  of  the  year  18!(!i,  out  of  a  population  of  over  a  million,  7,038 
caSM  of  typhoid  fever  with  800  denlh.t  were  recordixl.  Thia  outbreak 
KtTveA  fiuully  to  incline  the  public  authorities  to  favorable  consider- 
ation of  the  neoeaaity  of  ini«tituting  a  Altering  plant. 

Tjrphoid  Infection  of  Water  Supplies. — Typhoid  infection  of  a 
water  supply  may  lie  direct  or  iudireot.  Direct  infection  occurs 
through  the  etitnmce  of  on]inur>'  Kowiige  eontuiiiiug  the  essential  or- 
ffanism,  or  of  fieces  or  urine  discharged  along  the  banks  of  a  river  or 
mkc,  for  eximiple,  by  (ler^onx  nuRering  with  or  oonvate-twnt  from  the 
di»eiise.  Indirect  infet-lion  occurs  from  discharges  deposited  in  or  upon 
tlie  soil  and  thence  washed  by  rain  into  bodias  of  water  or  downwards 
into  wells.  Ordinary  sewage  pollution  is  not  sufficient  to  bring  almut 
an  outbreak  of  the  diaea,He,  nor  will  specific  pollution  necessarily  abvaj*B 
Iw  followed  by  the  oc^uri-cnee  of  cjwcm.  The  speeilie  organism  Iios 
only  a  limited  tennra  of  life,  and  in  the  absence  of  conditions  favorable 
til  iU  exidtt'nce,  it  may  ]M?ri»h  b(>fori;  II  n^cbcft  thf  con.i inner.  More- 
over, the  nuuiber  jtrc&ent  may  be  very  small  and  the  effects  ])ro- 
duoed  so  slight  as  to  neca.sion  no  great  notice.  It  is  to  be  borne  in 
mind  that  not  every  mouthful  of  a  polluted  supply  contains  the  organ- 
iam  and  that  not  every  person  to  whose  system  it  gains  access  must 
newsHirily  eome  down  with  the  liiseasc. 

Until  cjuite  recently  it  has  been  supposed  that  the  infecting  organ- 
isms had  ifu'-ir  origin  only  in  the  fiwci^  of  preexisting  cases,  but  it  is 
now  know  ttiat  this  is  far  from  being  the  case  and  that  they  exist  in 
the  f»cal  discliargcs  during  only  the  early  stiiges  of  the  disease  or  up 
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to  tbc  twentivtii  duy  or,  pcrlinpM,  eren  Eomcwliat  lobtr.     PdniKlttf' 
has  shown  that  the  urine  may  contain  millions  of  living  baoUli  uoA  ' 
cubic  wnliiiieter  »[i<l  timt  thoy  may  \k  foun<l  for  many  week*  and e?Hi 
aft«r  convalescence  is  well  established.     They  may  appear  as  toAy  ■ 
the  fifteenth  day,  when,  ]H>rh;i]>M,  iliey  ant  no  longer  dcmoDMntbU  in ll» 
foces.     Dr.  Mark  W.  Iticliardson '  found  them  in  ver;-  larj^  iiuiiii)cn 
and  in  practically  pure  cIlltu^^  in  tho  urine  of  nine  out  of  thirty-eigiil 
patients.     They  appeared  lute  in  tlie  course  of  the  disease  and  continiMd ' 
to  l>e  eliminated  in  several  of  the  cases  aAer  discharge   from  the  bat* ; 
pitul. 

These  observations  of  Petrnschky  and  Richardson  have  been  fnlij 
ooitfirnied  by  otlier  buctcriolo^t^.     It  npp«ir«,  then,  that  aD  appt-| 
ently  well  person  is  capable  of  infecting  a  water  supply  to  a  ptaw 
cxu-nt  and  with  te.tH  opti<!al  evtd^tnce,  or  none  at  all,  by  a  dischar^  t( 
urine  into  a  water-course  than  an  evidently  eick  one  by  a  deposit  of  | 
his  fa-ct-s  into  it  or  upin  \ti<  )>anks. 

Whatever  the  mode  of  infection  of  a  public  water  supply,  iheifr 
suits,  if  any,  are  seen  in  an  increase  in  the  numb^*  of  casen  ordiniiilf  i 
occurrinfT  in  the  coniniiinity  supplied,  and  cxci^pt  in   thoM  iMtsMOJ 
where  the   disease  is  spread    by  infected  shellfish  or  other  fixJj,  Ui* 
oonKidembli;  an^nKtnliition  of  cases  points  unmi.'iilukably  to  the  ceo- 
sumption  of  polluted  water,  even  though   the  system  of  Gllnlioa  ill 
followed.     In  the  latter  instance,  inveatipition  ivill  aIn>odt  ceitunhj 
show    some  defect    in    the  filters    or  tlmt    their   Cdpacity  hs«  bMBJ 
overtaxed.     Even  after  the  subsidence  of  the  outbreak,  the  diicMl 
way  Cfintinue  to  he  more  prevalent  tlian  usual  for  some  little  iii«,t»-| 
pecially  in  the  absence  of  a  proper  system  of  sewen^. 

Influence  of  Introduction  of  Public  Water  Sspplies  on  TyphoUj 
Bates. — Contrary  to  what  ntij^ht  be  cxpccte<l,  the  highest  deatb-iW] 
from  typhoid  fever  in  thickly  nettled  countrie.i  are,  generally  speakiQ^I 
not  in  the  crow<]cd  cities,  but  io  the  towns  which  have  no  public  vilsl 
supplies.  In  Massachusetts,  for  example,  the  five  towns  highcfl  i 
tliii*  re*j>ect  had,  during  the  eighteen  years  prior  to  1890,  an  avtnpj 
typhoid  death-rate  of  12,82  per  lO.OOO  of  population,  while  thcai*-] 
age  of  the  five  highest  rales  fur  citicjt  with  public  .supplies  was 
7.65,  and  of  all  the  cities  of  the  Commonwealtli  only  4.02.  la  I 
town  with  the  highest  mortality,  Ware,  the  average  for  fifteen ; 
prior  to  1880  wiu  IG.u  in  10.000 ;  iu  that  year  a  public  supply  ' 
introduced,  and  at  the  expiration  of  four  years  the  mortality  bad* 
mini.thiil  60  jH-r  cent. 

In  1870,  only  '20  cities  and  towns  in  Massachusetts  had  modem] 
lie  supplier ;  at  the  end  of  18d6,  all  of  the  32  cities  nod   127 
S22  towns,  comprising  8!l.8  per  cent,  of  the  entire  population 
thus  provided,  mid  hut  three  towns  with  populations  exty-i-ding  3,S 
hud  none;  at  the  end  of  1898,  but !)."  per  cent,  of  the  entire      ~ 
tion  of  two  and  a-half  millions  were  without  public  supplier,  bt 

'Centnlbhii  fur  Bftktmoloffie  uiid  ItinuiKiikunile,  16!W,  XXUI.,  Mo.  14 
I  r ^  ^  Kxiwrinualal  Medicine,  May,  1S9S. 
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small  peroeatage  was  made  up  nf  Mnnll  towns  with  MrittKrrod  inhabi- 
tonU,  whiTC  th(>  introduction  of  public  works  would  be  beyond  the 
financial  po6eibiliti«a. 

Ji»  n  result  of  lhi«  very  gcncrul  introduction  of  a  common  supply  In 
place  of  that  derived  from  individual  wells,  lai^ly  of  the  ojieu  variety 
and  tiiliintis)  in  cloi«c  proximity  to  sources  of  pollution,  u  very  decided 
decline  in  typhoid  fever  has  been  noticed.  Thix  result  is  by  no  means 
peculiar  to  MaHsachuH«tti<,  but  i»  found  to  be  the  eonswiuence  wherever 
the  selection  of  the  source  \b  made  with  judicious  care  and  rocasureg 
are  takeu  U)  protect  it  from  avoidahW  polltitioii. 

It  is  not  to  be  eupposcd,  however,  that  the  mere  introduction  of  ^a 
oorotnon  supply  without  the  ohHervance  of  thin  necesimry  precnution 
will  liCKt  siTvc  the  interests  of  the  public  heulth.  In  the  following 
table,  compiled  by  Mr.  Hiraui  F,  Mills,'  is  shown  the  chnnge  in  the 
tyjihoid  <iwilli-ratcs  per  Ki,CH!>0  in  each  of  the  cities  of  Massachusetts 
which  introduced  water  within  the  years  18159  to  1877. 


CUlM. 


Hdyoka ....... 

I^inwiM 

LOTTtlL. 

rail  River..... 
flpruig6d<L . . . 

laanlon 

Korlliumplon 
Lynn 

Kfrwton 

MikUn 

Ktrhbuig 

Woburn  

Somcrville  ... 

Ctirlifa „ 

Wklthua 


of  iloiUi*  by 

Mt  10,000,  luu 


6.73 
8.34 
0.10 
7.T8 
0.67 

e.is 

10.118 
B.Otf 
7.77 
8.67 
8.04 

WM 
8.M 
4.28 
.1.87 
B.12 


tiAlfk  nf  Intra- 
du<rDofwii«r 

■up  ply. 


1873 
187S 

len 

1874 
187.1 
1876 
1871 
1871 
1869 
]e7« 
1870 
1872 
1673 
1667 
1867 
1673 


Vcarlr  numbar 

nr  drniH  by 

lypholil  fef  n 

Mr  IO,IWO  \gn 

tolWB. 


B.93 

e.»3 

7.63 
6.32 
».2g 
0.02 
4.04 
8.S7 
•iM 
3M 
XhA 
3.10 
2.»r, 
2.95 
3.SI> 
S.43 


I'firranUffv  ot 

<1ntli>  in  Ui( 

Itxtr-i  ytrluA 

■ID  Of  Aiou  la 

tb>  fataxn. 


13S 
100 
121 
81 
0» 
88 
37 
48 
40 
66 
44 
30 
36 
CO 
48 
30 


It  will  be  noliceil  that  of  these  sixteen  cities  there  were  three  which 
showed  no  improvement,  and  two  of  these  were  worse  oETlhan  before. 
The  reason  for  this  Ls  very  clear.  .411  thn<e  arc  iniiniifiictiiring  cities 
situated  on  rivers  polhitc<l  by  sewaj^.  At  Holyoke,  while  the  public 
supply  is  but  -ilighlly  liable  totHinlamination,  ihf-  ojn-ralivi'M  in  the  fac- 
tories uBed  water  fr<jra  two  other  sources,  subject  to  pross  pollution  ; 
namely,  from  the  canals,  the  enrrance  of  one  of  which  is  situated  close 
to  liie  outlet  of  one  of  the  uuiin  sewers  of  the  city,  and  from  wells 
indirectly  supplied  by  the  canals. 

CV>m(iiiiri»i>n  of  the  dejilh-iati-s  from  typhoid  fever  amonfr  those  of 
different  occupations  brought  out  the  fact  that  the  operatives  in  the 
mills  which  used  oanal  wat^r  i^utVercd  from  the  dijtease  three  times  us 


■  S2d  Annaal  Report  of  the  Slate  Board  of  Health  of  Massncliusciig,  1890,  p.  £34. 
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miiob  pro  rata  as  all  other  perswnii.     Lowell  and  Lam^ooe.  at 
time    iiieDtiorivd,  wt-re   luing  tlic   poI1ute<l   wiitcr  of  the    Merrii 
River.     Ixiwell  took  iu  supply  fourteen  miles  below  the  point  of  \ 
Immw  of  the  iwwnge  of  Niinhiw,  X.  H.,  ainl  wiHtimed   it   witho 
treatment.    Lawrence  drew  upon  the  same  supply,  after  its  enncho 
hy  ihe  selvage  of  IxiwkII,  at  a  point  hut  nin«  mWm  below  the  oalfall  i 
the  lattfr's  sewage.    Iu  1891,  Lowell  suffered  unusually  from  tvf 
fever  hy  reasoo  of  the  additional  eontamination  hy  faeces  of  t^'phoia 
ptitieiits  discharged  into  Stony  Brook,  a  small  tributary  of  iXw  Mttri-I 
mac,  only  three  miles  above  the  intake  of  the  water-works. 

The  condition:!  of  all  three  places  have  since  been  changed. 
Ilolyoke,  warnings  were  posted    for  the  bene6t  of  the  operatint;! 
Ijowell  abandonetl   the  rivor  in  fnvor  of  f;niiind-wat«!r  iu   ISM.  itrii 
in  the  same  year  Lawrence  instituted  tiltration.     In  all  of  the  llin 
cities  the  expected  happened ;  namely,  a  marked  diminution  in 
tienth-rate. 

Examination  of  the  above  table  reveals  the  fact  that  in  moet  of  t 
slxt<-en  cities   the  rediielion  in  the  typhoid  death-rate   wai>  most] 
nounced,     In  some  of  them,  the  diminution  has  proceeded  to  a  mo 
greater  extent  than  ia  here  ithown.     In  1896,  tlirec  cities  with  an  ig^j 
gregatt-  population  of  70,000  showed  less  than  one  death  per  10,0 
from  this  dincise,  and  in  ^me  of  thttrn,  Wcibuni,  there  was  none  at  i 

Classification  of  Cities  According  to  Typhoid  Fever  Deafli-' 
rates. —  The  poaitiou  held  by  water  as  a  causative  factor  iu  the  spreMj 
of  typhoid  fever  i^  such  tliot,  pnniphru^i n;;  a  faroiluir  quotation,! 
student  of  itanitary  matters  may  well  say  :  "  Show  me  a  city's  ; 
of  the  disease  and  I  will  tell  you  the  eliantot«r  of  its  watw  3n[wlf*' 
Pure  suppliesATid  higli  typhoid  rates  are  quite  incompatible,  udlbi 
endemicity  of  the  disease  in  communities  of  any  lar^sixc  makeaeqo 
incompatible  the  use  of  scwBgc-pollutcd  water  and  low  morbiditTi 
mortality.     In  no  way  can  tliis  fact  be  more  clearly  illiLstrated 
by  comparing  the  death-rates  of  the  disease  in  tiic  iwiding  dtiwofl 
world  and  imiinjr  the  source  and  nature  of  the  water  with  whicli  IIkTI 
are  supplied.     From  the  admirable  work  of  Mr.  .Tohn  W.  Mill,'  lt*J 
following  table  is  compiled :  The  ratcfi  g^ven  are  those  reported 
the  y«r  1896  per  100,000  of  i>opulation. 
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llnitrlem  iluiiw,  Hnd  lUver  Vcfhl,  filtered... 
!?|irinK  water  from  MBn^cfall  Vallrv;37ioilMaii 

Snnil  dimcii,  flttvm)  ' , 

FilWunI  well*  mid  jfillery  bv  Kircr  V3,hr 

FillFivd  water  (roni  Ijake*  Tejti-!  nml  \tuici[el. 

Springi  in  ihc  SdinwherK  (ifl  (nil«<  sirajr 

KltcrM  wiil«r  froTii  tlie  River  Kibe. 

I.aku  uiid  wvll  wolcr 

FillPTcd  walct  frtini  wells  (ind  iinrinpi. 

Flltrtvd  w«ier  f nun  the  Hivi-rCWtT 
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It  will  be  noticed  tlial  the  citivs  with  the  lontst  rates  trrat  tbdrl 
water  before  ase  or  go  long  distaii<*a  for  jiiire  sjiring  !iupp1i€«,  nhiJel 
those  afllictvil  ivit^  the  f;rcut<%t  lumutnt  of  the  diiicu^i-  take  th?  iieiRSll 
av^lable  water  and  use  it  n-ithoiii  treatment,  or  with  imch  ssonMtj 
deserve  tho  name.     Among  the  ciliiw  witJi  the  woret  showinparesw- 
eral  which,  in  one  way  or  another,  filter  their  water  ;  this  conjundioa 
of  inoonijwtihlit  fact,-*  indicjid'S  in  (>«ch  ouse  ritlicr  very  ini(*crii*cl  filta-  j 
tion,  or  the  introduction  of  an  unneunl  amount  of  disease  from  withcolt 
or  the  oocnrrenu!  of  infection  through  Ui«  use  of  |>olhited  miik,  oytW^j 
or  other  fooil. 

Examples  of  Typhoid  Fever  Epidemics  and  of  Limited  OaV 
breaks  Traced  to  Infected  Water. — For  tlic  j>urpo«;  of  illiii.iratiiig 
to  wliat  an  extent  lipccifioally  polluted  water  can,  under  favorabli.-  ««• 
dilionH,  bririf;  iiliotil  a  sndden   outhreuk  or  explo^on,  tl»e  follomngj 
cases  have  been  selected  from  the  many  which  are  to  be  found  in  lli«  j 
litcrntuR;  of  hygiene. 

Bpidemic  at  Laussn,  SwitiorlAnd. — This  best  known  and  nM«loA*j 
quoted  of  epidi-niiis  of  lypli"ii3  fev<T  wa.*  practieally  tl>e  first  out) 
any  coneidenibic  cxt^'nt  to  be  traced  imdisputiihly  to  the  uscof*]*! 
ciflcally  polluted  water,  although  many  outbreaks,  large  and  tOBU 
hnd  been  a.*<:rihi-d  to  the  um.-:  of  water  "  contuioing  coiwiderable  orgiW] 
,  matter  "  aud  only  supposedly  infected. 

Up  to  1872,  this  village  of  780  iuhubitjinl^  had  not  been  vi.tltedbfj 
typhoid  fever,  even  in  sporadic  cusni,  for  sixty  yeiirs.     On  Au|iiwi  Ttliir 
with  no  previous  warning,  ten   persons  were   seized,  and  during 
next  t«n  dnys  nearly  ntxty  niuru.     The  uunilx-r  of  ruses  increued  f 
day  to  day  until  130  persons,  or  one-sixth  of  the  entire  jtopnlatioD,! 
bwn  seiKcd.     So  large  a  jx'rei'iitage  of  involvement  planted  toi 
common  cause,  and  the  immunity  enjoyed  by  the  inmates  of  a] 
of  houses  not  conneded   with   the  public  water  supply  direct^x): 
tjon  to  the  latter,  which  was  derived  from  a  spring  at  the  foutofj 
ridp'  about  .'iOO  feet  high,  bet\v<«n  the  village  and  the  Fiihrler 

In  thix  valley,  at  a  point  between  one  and  two  miles  distant  I 
I>auscn,  mis  an  isolated  farm  where  dwelt  a  man  wlio,  on  JunelC 
shortly  after  hts  return  from  a.  visit,  wjw  lukeu  sick  with  typbwd  fe< 

■  .^rcmtrc  nitr.  18!)0-189<>,  29.7 ;  imrciiwd  102  per  otDt 
'Averniiente.  imHI-IStfe,  1A3.4:  dtvetati  3»  an  ema. 
»Avi-ni(reratp,  18TO-lSes,  leS.8 ;  ilocroMad  Ifi.SpercwnU 
■  «Scn>lc,  1S90-IK90,  77.2;  increwed  84  per  cent. 
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Bvforp  tho  end  of  Julr,  three  more  cases  developed  in  the  same  boune. 
The  dbtc)ini^ei«  of  itll  four  won;  thrown  iiil"  a  l>rfM>k  tn  which  thu 
fnniily  washing  was  done  nod  whieh  served  to  irrigrale  the  meadows 
below.  Whenever  it  was  diiiiitni'd  up  fur  ihi^i  piir[>o»c,  the  vohime  of 
thv  water  »u|>ply  beyond  tlic  rid^e  was  noticeably  increased.  Between 
July  15lh  and  the  end  of  the  montli,  the  meafhivr^  h:id  been  ^iibmer^^ 
by  ihi*  [iropoiw,  lunl  in  thnv  wwks  from  the  beginning  of  the  operation, 
ihe  explosion  occurred  in  Lnusen. 

Thv  itifpicncu  of  events  wil?,  then,  Uiv  iippeanince  of  the  initial  case 
OD  Juoe  10th  and  of  three  more  in  the  same  liouse  liefore  the  end  of 
July,  the  daily  pitlliition  of  tht  wnt<^rof  thu  brook,  the  daniming  of  the 
brook  in  the  middle  of  July,  and  the  nppeiirauee  of  the  tir^t  cases  in 
I^usen  on  .^ugiLit  7th.  Kverything  jmiiifcd  lo  direct  connection  be- 
tween tJte  im|)oiindcd  water  itud  the  spring  a  mile  or  more  distant  on 
the  other  side  of  the  ridge,  and  its  existence  wan  i}«tiihliMh<Hl  by  dump- 
ing nitout  a  ton  of  salt  into  the  bruok  and  noting  ilx  -upeetly  appearance 
in  the  Lausen  spring.  As  a  very  large  amount  of  flour,  iiii]Hi.silj'd  at 
the  wunr  place,  giivi-  no  evidence  of  lis  »ppe;inuice,  even  in  tracoB,  it  was 
proved  tlial  tho  water  passed  through  a  coarse  filtering  medium  rather 
than  through  an  open  underground  paHttnge. 

The  Plrmouth,  ?».,  Epidomic. — ^The  town  of  Plymouth,  Pennsylvania, 
bad,  at  the  time  of  the  epidemic  In  HR.'),  u  jiopuhitioii  of  about  8,000 
piHtple.  Thy  giinenil  water  jiupply  was  derived  from  a  mountain 
brook  which  wa^i  dammed  at  intervals  so  as  to  form  a  wrie*  of  im- 
pounding ro-Hcrvoirs,  but  a  large  part  of  tlio  population  was  supplied 
by  individual  wells.  A  citizen  who  spent  the  Christmas  holidays  at 
Philadelphia  n-tunied  in  January  to  bin  liome  ill  with  typhoid  fever 
and  had  a  very  long  sickness.  During  the  entire  peritHl,  his  excreta, 
which  were  in  no  way  disinfected,  wttre  thrown  u|Kni  the  !^now  and  ice 
on  a  slopA  not  forty  feet  away  from  the  brook,  at  a  point  midway  be- 
tween two  of  the  dams.  At  this  time  the  brook  was  frown  over,  and 
il  ri'niaiiH-d  »o  until  the  approach  of  spring. 

During  the  last  third  of  the  month  of  March,  there  was  a  sudden 
period  of  warmth,  and  the  snow  ami  ioc  began  to  melt.  Shortly  after- 
wards, the  warm  spring  rains  began  and  the  ice  and  snow  and  frojwn 
excreta  uj>on  the  slope  were  melte<l,  and  the  entire  nocumulation  was 
washed  into  the  brook  and  thence  into  the  water  mains.  Within  three 
weeks  tliereaftor,  cases  of  typhoid  fever  by  the  score  made  llieir  ap- 
pearance throughout  (he  town.  On  Home  days,  more  than  a  hundred 
Dew  cases  were  reported,  and  on  one,  the  number  reached  nearly  two 
hundred.  The  toUil  nnnilicr  of  .Hci/urei*  ha»  been  variously  stated,  tho 
lowest  estimate  Iwing  1,'.)'KJ  and  the  highest  l,"iOO.  The  number  of 
deaths  wa.'*  not  lej<s  than  1 11  and  has  been  phurd  ilh  higli  as  l-OO. 

It  \vas  discovci'cd  that  the  epidemic  was  limited  practically  to  those 
whose  houseti  were  supplied  by  the  town  nmiu^,  and  to  those  who, 
while  (''Upplieil  at  hoioe  by  wells,  drank  of  the  public  supply  while 
absent  from  home  during  working  houra.  This  distribution  was  par- 
ticuhirly  emphnHized  in  one  street,  where  tlio  houses  on  one  side  all  had 
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one  or  mon-  caH!«,  wliilp  ihofiv  on  the  otbcr  Iia<l   none  st  ill.    TIn 
former  were  supplied  hj  the  tow  n  iitainii  and  iln^  latlor  depeoded  i 
wrIU. 

A  fMDiewhst  similar  outbreak  on  a  much  sroalter  scale  is 
hy  Dr.  Duimrd'  s»  ocxmrring  at  a  small  village  in  the  Alp«,  thei 
tails  of  which  are  as  follows  ; 

Outbreak  at  UTemet. — In  October,  18!)S,  n  dt-tnclintcnt  of  167  id 
faniry  eoldierp  were  quartert-d  tn  four  bouses  in  the  village,  roch  I 
elH;lti.TtH;f  appnixiniutcly  a  fourth  of  the  met).     Iti  on*',  where  -i'  < 
quartered,  there  ap])«ired  withioa  few  weeks  22  cases  of  tvpboid  fn 
«)X  of  which  terminated  fatally.     At  tlie  time  of  seizure  there  mn  J 
otLer  esses  in  the  villa^',  nor  did  any  appear  in  any  other  liousf  I 
thiR  one.     Investigation  revealed  the  fact  that  a  few  days  before  i 
arrival  of  tbt-  troopi^,  a  eliilil  of  ten  years  hud  IxH-n  t«k«o  ill  wirhl 
disease  in  another  bouse  atuated  on  higher  ground,  about  400  feet  mfl 
from  the  house  in  question.     Where  the  ehild  lay  ill,  tiicre  vis  Ml 
prix-y,  and  his  excreta  were  thrown  upon  the  ground  in  a  DcighboriogJ 
field.     His  wiilt-d  olothes  were  washed  in  the  spring  luarby. 

At  the  time  of  the  sokliers'  arrival,  u  number  of  heavy  rain* 
ctirred,  by  which  the  surface  impurities  of  the  soil  in  the  neigbborho 
of  the  house  where  the  child  lived  would,  by  reason  of  the  iucliiiatioo 
of  the  ground,  be  washed  toward  the  house  occupied  by  the  soldie 
This  wn*  supplied  by  wat^r  fmm  n  smiill  strciini  thn)ngh  a  rude  rnniB 
conBtnicled  of  worm-eaten  hollow  logs  laid  in  a  shallow  depression  M 
the  surface  of  the  »oil.  There  could  bu  no  question  of  the  probslnli^ 
of  contamination  of  this  supply  by  the  f»cal  dischaivea  thrown 
titc  gnjiitiil  in  the  near  vicinity,  and  in  the  absence  of  any  other 
and  with  the  high  percentage  of  seizures  in  the  one  house,  do  otlierex^ 
planation  appears  to  be  possible. 

Epidemic  at  AiblaJid.  Wisconsin,  in  1893-94. — ^This  outbreak  isui 
of  pi^cnliar  interest  iu  that  in  addition  to  serving  as  an  excellent  illo 
tration  uf  the  daiij^r  of  using  the  suioe  body  of  wnter  as  a  place  foi 
the  disposid  of  sewage  and  as  u  source  of  drinking  water,  it  wasi 
the  bii.-<i«  of  ail  action  at  law  which  e.-itabli$hed   the  liability  of 
companies  and  municipalities  in  ciise  of  sickness  and  death  cansfd 
the  distribution  and  use  of  infected  water. 

The  city's  supply  in  ilerivcd  from  an  arm  of  Lake  Superior,' 
quamcgou  Buy,  upon  which  the  city  is  situated.     This  bay,  whtAi 
about  twelve  mile.4  long  and  of  an  average  width  of  live,  ^-arics  f 
eight  to  tliirty-six  feot  in  depth.     North  of  the  city,  and  exte 
outwards  in  a  northwesterly  direction,  is  a  breakwater,  constructed  I 
the  protection  <)f  the  harbor  ii^uini^t  northerly  gales;  and  bet< 
and  the  city,  the  mouth  of  the  water  intake  is  located  almut  a  i 
from  the  shore.     (See  Kig.  35.)     The  sewage  of  tiic  city  is  dis 
further  to  the  west  and  south.     The  currents  in  the  buy  follow 
course  indicated  by  the  arrows  in   the  tignre,  «n<l  carry  the  se^ 
towanl  die  breakwater  and  over  the  mouth  of  the  intake.     This  i 
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of  aSairs  was  brought  to  the  attention  of  the  company  by  the 

board*  of  lb«  city  und  btato   rppcnlcdly,  but  witliotit  reiitilts. 

tlie  waUx  was  polluted,  was  evident  on  mere  ocular  inspection, 

was  ofU-n  cloudy  or   nmrkcdiy  turbid.     Duriiig  the   winkT  of 

iS4,  typhoid  fever  made  its  appearance  in  the  city,  and  from  the 

ca«e^  a  diha.strons  epidemic  devolopod,  which  led  to  the  cstah- 

■nt  of  a  motlel  filtering  plant. 

le  action  at  law  referred  to  above  was  broiiK'^'   by  tbo  widow  of 

the  victims.      In  evidence,  it  was  shown  that  he  llveil  continu- 

Afihland  and  drank  no  water  other  than  that  supplied  by  the 
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C»dlU4M*MUDla<  M  Aablud.  Win.,  prior  to  the  ipMomlo  or  I«[I3.«4. 

company  ;  that  pn-viou*  lo  bis  ecunirc  the  disease  hud  prevailed 
'.  dty,  and  that  the  discharges  from  the  anteoedent  cases  had 
1  into  the  waK-rs  of  the  bay  by  way  of  the  city  sewera.  The 
ibond  for  the  plaintiff  in  the  sum  of  $5,000, 

at  LUoebuTK  in  1895. — The  ancient  town  of  LCineburg, 
population  of  22,000,  has  u  sytitein  of  Mcwers  which  empty  at 
aiotti  into  the  small  River  Ilmeoau.  The  public  water  supply  is 
haods  of  a  number  of  sepumU-  (xirponitioiiK,  which  bad  their 
in  medueval  gailda ;  and  as  tlie  two  principal  ones  supply  the 
srtA  of  tbc  (own,  it  happen:^  that  their  nmins  run  tbriHi;;h  tlio 
tnets,  and  that  not  alone  adjoining  houses,  but  even  different 
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stories  of  the  same  building  are  eupptied  hy  either  one  acooniin^  Cri 
circum^tanws.  Th«  Rath.'i  ooiitpnny  fumUhe**  a  gmund-waWrirhiclil 
is  perfectly  ffuoi],  except  for  its  rntlifr  high  conteot  of  iron,  whidi ! 
sometimes  caused  more  or  leas  trouble. 

Thv  other  liirfr«  corpomtion,  Icnowu  ts  the  Ahtx  Company,  obtaiul 
its  water  from  the  Ilmenau,  iBually  at  a  point  above  the  town ;  but  1 
tween  .Inly  l-jili  mid  iOtli,  it  drew  it  from  a  piaiN."  in  the  middle  of  the] 
town,  opposite  the  pumping  station,  where  the  water  was  «xti«indy  in 
pure.     Previous  to  lhi.-:<e  dato^,  typhoid  fever,  whieh  wMtlwayAi 
in  some  nmount  in  the  town,  hsd  begun  to  appenr  to  ao  unusual  cxtn^l 
and  in  the  fintt  half  of  .4ugu:«t,  tJien^  wa^  a  sudden  and  remarkable  id 
cniMc  in  the  number  of  ca«ei!.     Ou  the  termination  of  the  out) 

)6  cases  had  bwn  repirted,  IG!>,  or  S2,44  |>er  oeut.,  of  whiob  ' 
F Among  familicK  nuppliinl  with  tiie  tvater  of  Uic  river. 

It  was  proved  that  for  a  period  of  some  days,  which  includwi  llitl 
dates  alwve  iin'utioncd,  the  diarrh<cic  di«*Uurg«!J<  of  ii  youtig  girl,  veiyl 
sick  with  typhoid  fever,  were  thrown,  without  being  disinfected,  intoJ 
the  river  at  a  point  about  'JOO  f<x^t  above  the  intake  and  on  the  saaW] 
side.  In  addition  to  this  one  source  of  the  causative  agent  which  [ 
duced  such  a  sudden  rise  in  the  eurvc,  it  was  known  that  the  riirer  I 
Iwoii  polhitod  by  the  dist-h:ir[res  of  another  patient  in  May,  and  tbati 
epidemic  had  its  real  beginning  in  June.  It  is  oouoeivahle  tbat  lit 
towa  wliere  tlie  house  supplies  are  so  compliailcfl  that  different  it> 
have  diSerent  kinds  of  water,  a  feir  percentage  of  the  victims  of  bo  epi*J 
demic  may  acquire  the  dis<.iise  thn)ugh  neighborhood  visiting,  ihott 
their  own  domestic  supply  is  of  the  proper  quality.  In  this 
outbreak,  only  1 7.of»  per  oeuL  of  the  wwes  were  among  people 
pniiiisrs  were  sui>plied  by  the  other  eompituies. 

Epidemic  at  Zehdeaick  to  1897. — This  was  a  local  outbreak 
to  the  coutaminattou  of  a  well  by  the  discharges  of  u  child  sick  wilK 
typhoid  fever.     The  water  was  used  by  the  inmates  of  the  hoa«a  ' 
the  immediate  vicinity,  and   tlii^  dispaso  was  limited  to  them  aloo 
Of  .'tO.'t  [Kirsons  making  up  the  29  households  of  the  neighborhood,  Hi 
or  nearly  a  third,  were  seized  within  a  short  j>eriod,  while  not  Bnolhs 
case  was  known  in  the  town.     The  inmates  of  nine  houses  within  tb 
infected  urea,  who  obtained  their  water  from  another  source,  were  i 
toueheJ. 

Limited  Outbreak  A.raoa«  Soldlen. — An  infantry  regiment,  retur 
from  the  autumn  manotuvrea,  passed  Uiroiigh  a  small  village  «b 
typhoid  fever  exi.^ted,  and  halted  for  water.     Two  days  afternarde.  l" 
men  wore  sei/ed  with  groat  suddenue.ss,  and  within  two  we«k 
were  down  with  the  (lisea.sc.      They  had  been  exposed  to 
source  of  infection,  and  other  troops  who  passed  through  the  sanw 
lage  witJiout  slopping  for  water  were  unaffected.     Knowing  the ' 
when  the  infection  ooeurreil,  and   siace  in  every  case  the  onset 
marked  by  very  acute  symptoni-t.  Or.  Emil  .Jauchen'  was  able  to  i 
tcrroinc  the  exact  period  of  incubation.     Three  were  seized  on 
■  Wicnci  kliaiarJi*  Wodieiiachrift,  Jvly  7,  1696. 
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McoDit  day,  e«vcti  on  the  third,  hix  oh  the  fourth,  four  on  the  lifVh, 
four  on  the.iixth,  five  on  the  seventh,  and  f«v(-n  lietweeii  the  ninth  iind 
ihf  foiirtfH'iith.  Tlic  ifhort  pt'rKwit-  iirc  cxpluinnhlc  hv  ihc  fact  that  the 
men  were  in  a  slate  of  exbaiuition  at  the  time  of  drinking,  and  all  took 
copioui*  dniiij^hii>. 

Asiatic  Obolera. — ThU  dieeaae,  which  is  endemic  in  India,  whence 
it  nioW.'*  |K-riiMh<utl  ex<'iir»ion«  to  other  jmrts  of  Uip  world,  immctimcs 
Rio^t  widcgprcnd  and  with  the  most  (ti>^8troii6  rcsnltB,  is,  ])erhapfl,  more 
exclusively  than  ty|ihoid  fcvi-r,  a  wati^r-ltornc  dineaw.  Sinoc  the  dis- 
covery  by  Kooh  of  the  exciting  cause  and  tlic  detection  of  the  same 
in  drinking  water  dnring  epidemio!*  of  the  disf-asc,  the  older  ihc- 
oricK  of  \\»  method  of  Bprcad  have  hccn  nbandoned  save  by  the  few 
remaining  adberenln  of  the  "  localiat  "  theory,  whom  not  even  tli«  facia 
n-vcakij  thiring  nntl  after  the  gn.-al  cpiilcniic  of  1J|I!)'2  can  move  from 
(heir  dogged  attachment  to  tlie  creed  of  their  revered  teacher. 

Diirinj^  thi-  t-oiinMi'  of  ilic  niilo^pn'ad  dcvastiitinK  epiilemic  of  1892, 
which  in  its  journey  from  the  valley  of  the  Clangea  thi-ongh  Perna 
claimed  20,1)00  vi<-liTii.-«  in  Ti'horiin  nlone,  and  in  it^  cuiirsc  through 
Rusaiu  destroyed  i!lo,loT  more,  and  which  extended  through  Ger- 
many, Aiifltria,  Fniuoe,  Belgium,  Holland,  and  even  to  the  hiirbon  of 
the  Western  Hemisphere,  no  more  ini^tnictive  example  of  the  connection 
between  the  disease  and  {Milluted  water  and  of  the  immunity  eonfirred 
hy  the  u«"  of  «  pnre  wipply  etjnld  have  \wvn  yiehled  or  desired  than 
the  experience  of  Hamburg,  Altona,  and  Wandabeck.  These  three 
cities  adjoin  one  another  w  clottcly  tlint  there  \»  no  visible  ]ine  of  de- 
markation,  and  in  a  geographical  sense  might  be  regarded  a^  one  place. 

In  one  imjtortant  n--!»jiwt,  however,  the  thrci'  ptui^'S  difi'er  very 
mntcrially  ;  namely,  their  public  water  supplies.  Wandsbeek  was  .sup- 
plied wiUi  filter(.>d  water  from  a  lake  but  little  subject  to  {tolltition; 
Altona  drew  upon  the  Kibe  at  a  point  below  tlie  entrance  of  the  sewage 
of  Hamburg,  but  tiUered  the  water  through  sand ;  Hamburg  iiwd 
unfdtenil  water  frnm  the  Elbe  above  the  eily.  During  the  summer  of 
1K92,  or  between  .VupuBt  17th  and  Octuljer  '2;id,  Hamburg,  with  a 
population  of  HlO,00l>,  had  nearly  17,000  cases  of  choieru,  of  which 
slightly  more  than  half  terminated  fatally  ;  Altona,  with  a  population 
abont  a  (pnirter  as  large,  had  but  .'lOO  rases,  or  (inly  nne-tbirty-funrth 
■S  many  (400  <jf  these  are  supposed  to  have  come  fram  Hamburg),  and 
WandslK-ok  had  pmcticjilly  none. 

Very  noticL'able  was  ihe  fact  ihut  where  Hamburg  and  Altona  come 
together,  the  Hamburg  side  was  plentifully  spriugled  with  cases,  while 
the  'ilher  was  <«>ni|>«ni lively  frei'  (woo  Kip.  30),  and  this  was  still  more 
partinilurlv  remarked  along  a  certain  street  that  for  a  distanoe  formed 
(be  boundary  line,  in  which  the  houses  on  tlic  Hamburg  wide  had 
plenty  of  caii^s  and  those  opposite  had  none.  Almost  as  though  in- 
tended fur  the  ])urpose  of  marking  mnrn  sharply  yet  the  distribution 
of  Ihe  two  kinds  of  water,  it  hnppeneil  that  a  group  of  tenement  houses 
on  the  Hambiiiy  .side  of  the  boundary  was  supplied  with  water  from 
the  Altona  mains,  and  in  these  houses,  densely  peoplet)  by  the  laboring 
34 
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clju»,  iH>t  a  single  caae  oocurred,  wbilc  in  noigtiboriog  liooim  ibe  dii 
vns  rsging. 

Ttius  w<>  have  a  nuMt  eli>qii«nt  instance  of  ihff  value  of  »aud  filti 
tjon  un<]  of  tbe  Jaagtr  of  ustDg  {>olluU-<)  Mi{i|)lk-».     Hambur^s  i 
filtered  »n*t«'r  came  from  above  the  city,  while  Altoiia  liad  toile 
upon  water  wbicb,  bcfure  being  filtered,  luid  rvn-ivcd  tlii:  cnlirv  i 
of  over  three-<]ttarter9  of  a  tnillioD  )>eop)e.     Tbe  initial  ^pecifir  poDa 
tioii  of  tbe  river  water  was  tniwil  Itiii-k   In  ICiiwinii  emigrant»,  MP 
in  liarracka  on  one  ot"  the  wharves  jiciiding  tbeir  emliarkation  ftirl 
United  Slntea.     At  llw  timv  of  the  oiitbivak,  ihtre  wvrv,  on  iiii  averag 
about  a  thousand  of  tbese  people  on  bund  M  thv  time,      Manvof  t 
cume  from  diitlricti*  in  Ku.s^ia  uhioh  had  l>een  and  were  then  »uS 
severely  from  cholera,  and  all  were  well  !>ti[>plicd  with  dirty  oluthingj 
and  bliihkvt.-t,  some  of  which  they  washed  while  tliey  wen;  bung  ii»j 
tuned.     It  is  believed  that  itmunf^  the  tbontiumU  that  had  jirriTc^l 
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there  niu.«t  have  been  BOtne  mild  caaes  of  the  dinesse  or  at  leu»t 
oonvaleecenU>  with   e.bolurii  giTinit  slill   in  their  evaciiatiou?  twu 
tbrev  weeks  after  recover^'.     All  tbe  sewage  matters  of  tivery 
tion  fmin  tb<wc  people  were  diseliarj^-d  .tlirectly  into  tbe  river  at 
wharf. 

With  the  exception  of  a  few  straggling  eaw;^,  tWre  was  no  choleni 
either  of  iln'  two  cilii-s  fiimi  October  2itd  to  December  6tli,  when] 
Bmall  outbreak  oucurnd  in  Hamburg.  Thi.«  reaclH'd  \\a  culminatn 
point,  five  ea-*s  iu  one  day,  on  the  26lh,  imd  then  the  disease  " 
gau  to  reappear  in  .\lloim,  but  nnder  very  different  <xinditioD» 
those  which  characterized  the  epidemic  in  .\ugn«t.  Of  the  -WO* 
which  then  oeeurn?d,  al>oul  400  were  crotinected  in  one  way  or  anoll 
with  Hamburg,  but  in  the  later  outbreak,  iikmi  of  the  patienti^  weivl 
^thi"  well-to-do  claaa  of  workmen  who^  occupation  did  not  call  thattl 
-women,  young  children,  innutea  of  ho«pitats  and  otlM' 
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no  reason  td  go  tliero,     Consnltatum  of  thp  records  of  bac- 
Gzamitiation  of  iJie  Alli^ut   tilu-roil  wsitrr  «)i<>wo<)  nn  in- 

■  in  tlw?  first  week  of  December  snd  again  in  the  last  days  of  tliat 
■ml  at  iuhTvnU  in -laiiiiary,  which  inilicnli.!*)  thul  soiut^'  ili^tiirb- 

I  ffloet  have  occurred  in  tlio  working  of  the  BlterB. 

rtion  sbowod  where  the  fault  lay  and  aliio  iu  nature  :  tho 
the  sand  had  been  fruzcti  under  \\iv  tnud  layer  and  had 
over  only  jairt  of  its  area,  so  that  the  whole  work  of  the  filter 
Ithrown  upon  a  part.     Thi;  impcrfwl  workinf>;  in  oarly  Uwcnibcr 
|DOt  Ibllowed  by  cholera,  for  at  tliat  time  the  river  was  practically 
I  from  the  p-mu.     Thcji  came  the  ft-w  new  cases  in  Hanibiin;,  27 
nber,  and  reinfection  of  tlie  Elbe,  followed  by  faulty  working  of 
lAltonu   iillvrs  and  (»ini«e(]nent  distribution  nf  a  Kinall  iuiionni  of 
tive  material  through   the    water   mains.     The  organisms   were 
ia  the  water  ju.'^t  below  the  mouth  of  the  main  aewer  of  Ham- 
;  and  also  in  one  of  tlM>  KcttHug  basiuB  of  the  filter  plant,  where  the 

■  Mood  prior  to  delivery  to  the  l»eds, 
Piepagation  of  Cbolera  in  India. — As  baa  bfcu  sstnfcd,  the  liume 

bolera  m  India,  and  .so  long  aa  the  natives  are  faithful  to  their  re- 

aod  tu  the  observance  of  old-c-vtjtblished  custonii!,  just  so  long 

Ithu  country  supply  the  rest  of  the  world  with  occasional  infection. 

Jnin^  (iic  extreme  ooascrvattHm  of  all  cIa.4S(ii<  of  Ka.->t  Indiana  and 

Inational  reverence  of  the  Hindus  for  all  holy  placeti,  it  may  be  l^afe 

lict  lltac  befon>  any  marked  change  for  the  better  i.t  accompli.-thed, 

of  the  dvilixed  world  will  have  advanced  so  fur  in  sunitnry 

.  that  cholera  will  be  no  more  feared  than  variwila.     Aa  illus- 

:  of  what  aanitary  reform  in  Indiit  would  have  tu  ciieouuter,  the 

Qg  extracu  from  the  report  of  Dr.  Simmons,  quoted  by  Profes- 

tason,  will  iw  Ibund  of  use  and  inlcivnt.     It  may  iKt  stated  by 

'of  explanation  that  Orisea,  below  mentioned,  is  a  province  cover- 

!«vtr  24,()0<"l  »ipiare  miles,  every  part  of  which  ist  holy  j^round. 

town  contains  Pon^rcrratcd  land  and  is  (illcil  with  temples,  and 

little  hamlet  lia.-^  its  shrine. 

be  drinking  water  supply  ia  derived  from  wells,  so-ea1lcd  '  tanks ' 
Icial  pond.4,  and  the  water-courses  of  the  country.     The  wells 
Uy  resemble  iIkisc  in  other  part^  of  Axin.     The  tanks  are  cxca- 
.  made  for  the  purpose  of  collecting  the  surface-water  during  the 
Hvon  and  storinf;  it  up  fi>r  the  dry.     Neeexsaiily  they  are  mere 
at  pooU.     The  water  is  uwd  not  only  to  (|uench  thirst,  but  is 
|to  be  drunk  aa  a  ^tacred  duty.     At  the  same  time,  the  reservoir 
i  a  large  washinff-tiib  for  utotbcs.  no  matter  bow  dirty  or  in 
laoiled  eotidition,  and  for  pernonal  bathing.     Many  of  the  water- 
are  ncred  ;  notably  the  G»ng(.-s,  a  river    l,fiOO   miles  long,  in 
waten  U  i*  the  religious  duty  for  millions,  not  only  of  those 
near  its  banks,  but  of  pil)!rims,  to  bathe  and  to  cast  tbcir  dead. 
Hindoo  cannot  be  made  to  use  a  latrine.      In  the  cities  he  digs 
in  hts  habitation ;  in  the  country  he  seeks  tlic  lietds,  the  hill- 
tlte  banks  of  streams  and  nvcnt  when  obligetl  to  obey  the  calla 
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of  untuiv.  Henoe  it  in  tlwt  tbe  vicioily  of  (owns  aud  the  bonks  of  the 
tanks  and  watcr-oouraGs  are  reeking  with  liltli  of  th«  worst  desoription, 
wliioli  i^  uf  ntitii'iwity  wn»lic(l  into  tlio  public  water-supply  with  cv»rv 
minfull.  A<M  to  ihLs  the  misery  of  pilgrimn,  itieir  [Kjvorty  and  di*- 
CJWf,  mill  their  terrihli-  i'ii>»V(Jing  into  the  nunK-rotis  towiis  wtucli  wm- 
tain  Home  temi>le  or  siirine,  the  object  of  their  devotion,  and  we  can  see 
how  I  lid  ill  bii.i  lit'i-iiriic  and  reiiiitin"  the  hot-bed  nftJieehnlcra  epidemic. 

"  tn  llie  United  States  oilieiiil  report,  the  horrors  incident  U[ton  the 
pi)(;rim!i^t'K  are  detailed  with  iLppullin^  tniiiiiteuejis.  W.  W.  Hunter, 
in  bis  OrisHU,  slates  that  24  high  festivals  take  place  annually  Ht  •luf;- 
gernunt.  At  one  of  tlieni,  al)ont  Hiister,  40,000  jx^rsons  indulge  in 
hemp  uikI  hnstieesh  to  n  blocking  degree.  For  weeks  before  the  oir 
festival  in  June  and  Jnly,  pil|;:rimj^  e,onie  trooping  in  by  thouMiKk 
every  thiy.  They  lire  fed  by  llie  temple  ctioks  to  the  number  of  90,- 
000,  Ox'er  100,000  men  and  women,  many  of  them  unacciintoroed  to 
work  or  exiwtHire,  tug  and  strain  at  tlio  cwr  until  tliey  drop  cxhaustrd 
and  block  the  road  with  their  bodies.  Diirinjr  eveiy  mouth  of  the 
year  a  strwini  of  ilevntcei*  flows  aloiitr  t'n  l'H' il  ntt-.n  mud  from  Ckl- 
CUtta,  and  every  village  for  three  huiiiinl  mil-  li:i^  its  pilgrim  en- 
oauipment.i. 

"  The  people  travel  in  siimll  bauds,  which  at  the  time  of  the  great 
fea^ta  actually  touch  each  other.  Fi%'e-riixths  of  tJie  whole  are  fenmlw, 
and  ninety-live  [>er  cent,  tmvel  on  foot,  mnuy  of  them  murching  hun- 
dreds and  even  tliouaands  of  miles,  a  contingent  having  l>een  dnimnied 
up  from  every  t^iwn  or  vilhige  ju  India  by  luie  or  other  of  the  thivv 
thousand  emiesaries  of  the  temple,  who  scour  the  country  in  all  direc- 
tions in  search  of  dupes.  When  thome  jtilgrimii  who  have  not  died  on 
the  road  arrive  at  their  journey's  end,  emaciated,  with  feet  bound  up 
in  ragfl  luul  pla^teivd  with  mud  and  dirt,  th«y  ruth  into  tlie  Micn-d 
tanks  or  the  sea  and  emerge  to  <lress  in  clean  garments.  Disease  and 
dentil  make  havoc  with  them  during  their  stay  ;  corp^icfl  are  buried  in 
holes  seoo])ed  in  the  sand,  iind  the  hillocks  are  covered  with  bones  and 
skulls  washed  from  their  shallow  gravas  by  the  tropi«il  rains. 

"The  teni]ile  kilchim  ha.-!  the  nionn]K>ly  of  e«<)king  for  the  multitude, 
and  provides  food  which,  if  fi-esb,  is  not  unwholesome.  Unhappily, 
it  is  presented  l>ei'orc  Juggernaut,  so  becoming  too  sucrod  for  the 
minutest  portion  tu  be  thrown  nwsy.  Under  the  influence  of  the  heat 
it  soon  undergoes  putrefactive  fermentation,  and  in  furly-eight  hours 
much  of  it  is  a  lorithsome  mii»s  iinflt  for  human  food.  Yet  it  forms 
the  chief  sustenance  of  the  pilgrims  and  is  the  sole  nonrLthnieut  of 
Uiousauds  of  Ix^^irs.  Some  one  eufs  it  to  the  very  last  grain.  In- 
jurious to  the  robust,  it  is  deadly  to  the  weak  and  wayworn,  at  least 
half  of  whom  n^ach  tlie  place  of  siifTering  under  some  form  of  bowel 
complaint.     Badly  as  they  are  fed,  the  poor  wretches  are  worse  lodged. 

"Those  who  have  the  tem|Mirnry  .shelter  of  four  walls  are  housed  in 
hovels  built  upon  mud  platforms  about  four  feet  high,  in  tbe  center  of 
each  of  which  is  the  hole  which  receives  the  ordure  of  the  bon.sehold, 
and  around  which  the  iumatcs  eat  and  sleep.      The  platforms  are 
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with  »aix1I  tH-\\*  witlioiit  nnv  wit)d<>w.*  nr  oltur  ap«rtim-s  for 

liua,  and  m  lliew  cavm  llit-  pil<p'im»  arc  puckcd,  in  a  cuuDtr^ 

ifuring  seven  luniittLi  mil  of  twelve,  the  theniionK-t*-!'  marks 

8-3  to  100  (Icprocs  Fiibr.     Hiinlur  wiys  that  the  scents  of  agooy 

[BafToaitioa  eoaotcd  ia  ihene  hideous  (len^  haflli^  description.     In 

I  of  the  Ix-st  of  tiM'm,  lliirlooii  fwt  lunj"  Uv  tvn  fwt  hri.H«l  and  six 

oDe-hair  iiigh,  as  many  as  eighiy  persdiis  pass  the  night.     It  iH 

[then,  fttirpri»ing  to  Iciini  that  the-  ^^tl.■^(■[|  i^  ovorpuwering  and  thtt 

I  like  that  of  an  oveu.     Of  :iU0,OUO  who  visit  Juggernaut  in  one 

n,  90,<>00  are  often  paokcd  tt^ether  fiir  a  week  in  5,000  of  tliesc 

Df^.     In  certain  seasons,  Itowcver,  the  devotees  cun  and  do  sleep 

lie   open  air,  ounping  out  in  regiments  and  haltaUon.t,  covered 

'  by  IIh^  wiine  meagre  eotton  gxrincntfl  that  clothe  them  hy  duy. 

heavy  dews  are  unhealthy  enough  ;  but  tJie  great  festival  falls 

ibei^oningof  the  miiis,  when  the  water  ttimhlex  in  solid  slieetx. 

laiHs  and  alleys  are  converted   into  torrents  or  stinking  canals, 

Itbe  piljrrini.t  anr  driven  iiitJi  the  vilv  tenement;*,     ('holera  Invari- 

breaks  out.     Living  and  dead  are  huddled   together.     Id  the 

eroii.4  at>Hailled  eorpie>lieIds  around  the  town  lut  many  a.i  forty  <vr 

'  bodies  are  st'en  at  a  time,  and  vulture.s  »it  and  dogH  lounge  lazily 

got^ged  with  human  fle,ih.     In  fact,  there  is  no  end  to  the  recur- 

of  incitlent*  of  misery  ami   humiliation,  the  horrors  of  which, 

the  Bishop  of  Calcutta,  are  unutterable,  but  which  arc  eclipsed 

of  the  r«-luni  jour?iey.     I'iniidered   by   priest!*,  fleecwl  by 

,  tfae  surviving  victims  reel  horaeivard,  staggering  under  their 

of  putrid    focMl   wra])piHl   up  in  dirty  idnihefi,  or   pneki-d   in 

baskets  or  eartlieau'are  jars.      Kvery  stream  is  floodetl,  and  the 

have  often  to  sit  for  days  in  the  rain  on  the  bank  of  a  river 

!  a  boot  will  venture  to  cross. 

Lt  all  these  points  the  corpses  lie  thickly  strewn  around  (an  En- 

I  tnvcler  coundsl  forly  close  to  one  ferry),  which  nccoiints  for  the 

enoe  of  cholera   on    the  banks  of  brooks,  streams,  and   rivers, 

\  poor  creaturei*  dro]>  awl  die  by  the  way  ;  others  crciwd  into  the 

.  and  halting-places  on  the  road,  where  those  who  gain  admit- 

'  erara  (he  loili;in^-phiee9  to  over-flowing,  and  thousand.^  pass  the 

in    the  streets,  and    find  no  cover  from    the  drenching  storms. 

an?  hwldletl  under  the  trees;  long  lines  are  stretched   among 

aod   bullocks  on  tlie  roatlsidc,  their  hair  saturated   with  the 

n  whieji   they  lie  ;  hundreds  sit  on  the  wet  grass,  not  daring  to 

ru,  and  niekiii);  themselves  to  a  monotonous  cluuit  through  the 

I  of  the  drciirv  nij;ht. 

impoA^ible  to  C'luipnle  the  slaughter  of  thiit  one  pilgrimage. 
Wilson  estimates  it  at  not  less  than  50,000.    And  this  dcscnp- 
■ight  be  used  for  all  the  great  Indian  pilgrimages,  of  which  there 
sbly  a  dozen   annually,  to  say  nothin;;  of  the  hundreds  of 
shrines   scattered  throu(;h  the  peninsula,  each  of  whicli  at- 
ils  minor  hordes  of  creilulous  votaries.     So  that  chok-ni  has 
■t  DpportanitiM  lor  spreading  oxftr  the  whole  of  Hindosian 


874 


a'ATBIt, 


evCTj'  ywr  hy  niimy  l»ip.>  armifit  of  filthy  jitlprims  ;  and  the  Miinajj 
itself  well  deserves  the  repnuition  it  Htiiver^iUy  i)os*f»«s  of  Ijring  lie . 
birthplam  and  selllod  home  of  tho  malady." 


Parasites  and  Drinkine:  Water. 

There  is  abundant  cvidetiw  of  the  agency  of  drinkiiti;  wiit«r  id  dieJ 
spread  of  04>r[ain  of  lhi>  animal  {laraMtcii,  liiil  with  respect  toffnainl 
others  titc  danger  ia  much  ovcr-mtcd  (tupe-worms),  or,  indd-d,  iot^r 
inary  (Uichinie). 

Round  woriu«,  Asc&rii  lambrlooIdM,  »rc  undoubtedly  spread  b  [ 
bjr  water.     The  female  deposits  enormous  numbers  of  vf^  in 
small  intestines,  :niil  t\wiu;  nn^  expelled  in  tli«  fnHN^.     Wbetherl 
freebly  discharged  eggs  arc  capable  of  reproddciag  the  worm,  w  a  ■al- 
ter of  (h>iibt,  but  il  8een>»  probable  that  the  iDtervention  of  ano 
host  is  neccssan*.     Wherever  this  parasite  is  knowu  to  pre\'ail  < 
sively,  the  people  usfi  polluted  water  for  drinking. 

Pill  worms,  or  seat  worms,  OxjrurU  Tormicularis,  iire  ])ra)jiablT spRwJ 
by  water.     They  locate  in  tlie  c»cum  and  upper  colon,  where  ih«  f 
male  deposits  vggs  in  large  numbers,  which,  reaching  a  water 
after  being  discharged  tliroiigb  the  bowel,  may  be  taken  into  tlie  i 
acli,  where  the  eiiveloi>e  of  the  embryo  is  diaiute^raled  by  the  \ 
juice.     The  larvae  develop  Ju  the  small  intestines  and  come  to  roati 
in  about  four  week.%. 

Guinea  worms,  Dracnnculus  medinensis,  are  Mii<l  t<>  invade  the  ' 
thnitigh  liio  .tkin  during  Itathing  or  through  the  stomach  in  drinlH 
ing  water;  the  evidence  of  the  lufter  nielliod   is   dclinite,      Iti 
(ttoniach,  the  embryos  are  mpidly  developed,  and  soon  the  impwj 
female  j)roceo<Ii<  from  Uie  alimentary  ainat  lo  the  siibontaneous  t 
in  various  parte  of  the  body,  where  she  Anally  breaks  through  ilioskiDl 
and  e-TJiiHS".     The  living  embiyai  whioh  are  then  liberated,  fino 
their  way  into  fresh  water,  eiitpr  the  bodies  of  the  eominon  frefJi-" 
flea,   (^e/ofi/i  >]iuuliieorni»,  which  acts  as  the  intermediate   hort  i 
conveys  the  oi'gani:<m  to  the  hitnian  stomach. 

In  a  case  reported  by  Dr,  John  Patterson,'  the  patient  bad  •< 
MCK  on  the  upjM'r  part  of  the  lefl  tibia,  from  which,  when  it  «M  I 
■-oiBed,  a  portion  (four  inches)  of  a  worm  was  remove<l.     T/iter,  be  I 
an  abscess  and  sinus  of  the  left  calf,  followed  by  a  swelling  back* 
inner  malleolus,  and  in  tliis  a  portion  uf  a  worm,  twenty-five  iadMl 
length  and  devoid  of  a  head,  was  found. 

Whip  worms,  Trlchocepbalus  dLapar,  which  are  itaid  to  l>e  exb 
oommon  in  Paris  and  some  other  places  outside  the  tropics,  arc  i 
wholly  by  water,  widiom  whii-h  tlie  embryo  cannot  develop  witlattl 
tlie  egg.     Taken  into  (he  stomach,  the  envelope  is  dissolved  audi 
liberated  lar%-a  attaches  itself  to  the  wall  of  the  intestine,  vbeicl 
proceeds  very  sh)wly  fii  develop.     It  ih)c«  not  reach  full  inaturityi 
about  a  yvjir  has  cla|>sed. 

■  Mtdicsl  lUconl,  Oct  7,  1S». 
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FlUii&suLruiiilshoiiiliils,  ttie  parasite  which  produces chylurln,  hicina- 
luchyluriii,  anil  uli.'|>hnntiii£i)>,  fimU  iH  wny  into  the  sj'stciii  through 
wmt^  ootitaiiii(wu-tl  hy  mnftijiiitiios  which  have  sucked  tlie  blood  of 
'peisons  suffering  froui  tlie  [wnwili*.  Tlu;  mliilt  fctiinh-  pixidiices  an 
CDonuouf)  number  of  minute  embryos,  which  pnse  into  ihc  blood  ;  nnd 
when  thL-w  nre  taken  into  the  stoiniieh  of  the  mosquito,  they  wander 
to  oilier  parts  of  the  insect,  where  they  become  further  developed,  und 
Inter  are  triui^fi-rrcd  to  the  water,  ihroufjh  which  they  pass  into  the 
humaj)  ntomueh,  where  the  cycle  is  completed.  This  punuite  w  not 
confined  wholly  to  the  tropica  and  is  oecai^onally  seen  in  our  southern 
states. 

BIUluzIh  h»matobla,  the  cause  of  ii  ))ecul)ar  hieniatiina  cumnion  in 
parta  of  Africa,  is  believed  by  many  to  be  tnini<iiiiUefl  by  drinking 
water  contaminated  by  the  urine  of  persons  suffering  with  the  disease. 
The  embr>-o8  probably  enter  the  system  of  some  other  organisms, 
which  play  the  part  of  intermediate  hosts  and  advance  their  develop- 
ment one  stup}. 

Anchjrlostoinnm  dnodenale,  the  enuse  of  auiemin  observed  in  the 
workmen  of  eirljdn  nilne^  mid  in  the  men  eufrngfcl  in  driving  the  St. 
Oothard  tUDDel,  is  probably  disseminated  chie%  by  polluted  water.  It 
prtxhiee^  cxtreine  amemin,  digestive  distil rliances,  and  hemorrhages, 
and  is  the  csiuse  ()f  considerable  mortality  in  Egypt,  Braidl,  the  West 
Indiai,  t"i]>f'<'inlly  Porto  Kieo,  and  in  some  juirts  of  Italy  and  other 
eountriee.  The  parasite  is  a  minute  worm  which  attnehes  itself,  some- 
time»  in  enormous  numbers,  to  the  villi  of  the  upper  part  of  the  sinal) 
inte^ttine,  through  which  a  coiist^mt  drain  is  made  on  the  blood.  Tlie 
e^pi  an-  discharged  from  the  inlesLii)c  in  the  fwces,  and  arc  taken  into 
the  '•ysteni  of  new  vitrtims  through  llie  ilriiiklng  water.  According 
to  Dr.  Carl  Tinua,'  the  larvie  are  regularly  found  in  the  dung  of  horse.-* 
iwed  in  the  m)ii<i>  at  Krennherg  in  Hungitry,  and  also  in  great  numbers 
on  the  timlwring  in  the  mines,  near  the  ore  passages  where  the  work- 
■men  put  their  hands  to  steady  them^lvea.  This  snggeats  the  possi- 
Inlity  of  direct  infection  through  fomJ  conveyed  to  the  mouth  by  un- 
washed hands. 

Another  parur^ite,  Rhabdoneiaa  inteatinale,  which  causes  intense 
aiuemta  and  enteritis  with  persistent  diarrhipa,  is  very  common  in  the 
West  Indicw,  Brn/il.  Ituiy.  and  other  tropical  ami  subtropical  oonn- 
trics.      It  is  fre<]uently  associated  with  Ani-'Jij/lontoiniim  iluotlrtiiilr. 

The  female  in  the  inttntine  produ(H>ii  enormous  numbers  of  eggs, 
which  hatch  in  the  inte^inal  canal  and  are  discharged  to  the  extent  of 
tliousands  every  (hiy. 

IGE. 

It  is  a  common  idea  that  ice  i«  nccrasanly  |Kire,  because,  in  freewag, 
"  water  purities  itself,"  loe  may,  however,  he  (juitc  as  impure  as  the 
original  water  or  vcrj-  pure,  aecnrding  to  eiiX-uniKtiirid-*.  The  first  for- 
mation is  quite  likely  to  contain  impurities,  such  as  the  dust  and  other 

■  (£stcrn.'ichiichc  SnnilaUwc*on,  IKOS,  Nu.  43. 
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mutters  floating  on  tlie  iturface.  Under  ordinary  condilioas  tli«  J 
purities  will  be  Hmitcii  to  this  luvcr,  for  in  tbi*  gruwtli  of  tlic  ioe  froi 
nbove  dowiiw-iird.t,  nil  Vmi  traces  «t"<lii«olved  su balances  and  practicill) 
all  of  the  8U>i|M-ntktl  miittors  nrc  «^'Xi-liiili.tl. 

Iw  may  become  iropnre  in  several  ways.  If  snow  EHIU  upon  it  u 
becomes  >vet  citlicr  by  ruin  or  by  wukt  from  below  and  theo  fretN 
and  becomes  part  of  the  iee,  it  will  contain  all  the  inipunties  which  be' 
been  wa^hi^l  out  of  tlic  air.  If  while  the  iee  i.ii  thin,  holes  ate  cut 
as  lo  permit  Hooding  from  below,  it  will  contain  all  tliv  iRipuKiino 
the  water.  Out  from  ithallow  poiidn,  it  will  be  ])ure  or  impure  aixati 
ingto  the  quality  of  the  witter  and  the  depth  to  which  it  fret-mt.  Utttf 
from  ^iioh  i»oiidH,  if  iH)lliiled  by  surface  wa^iingA  or  sewage  mattei^i 
litcely  to  yield  ice  which,  wboii  melted,  will  give  off  otlciisive 

It  iii  a  common   b(4icf  that  bacteria  are  killed  in  tee,  bat 
varieties  will  retuiu  tlidr  vitality  in  it  for  a  very  long  tiiiw. 
ax  1871,  Burdon  Sanderson  showed  that  even  th«  purest  ice  \» 
tn  oontuin  llie.m  in  some  degree.     Ohantemesse  and  Widal  pro\'Ml  i 
188:;,  Pnidden  in  18S7,  and  lliche,  Frunkcl,  and  others  at  di: 
times,  tli;U  piith(^nie  Imctrrta.  may  maintain  their  vitality  lo  a 
pritting  degree  in  ice,  and  that  the  biioillus  of  typh(»d  fever  i» 
larly  rctistant.     Prudden '  showed  that  ice,  made  from  water 
contained  them  to  uii  iunumcniblc  extent,  yielde«l  at  the  expiratm 
103  day.t  no  leas  than  7..'148  per  cubic  centimeter. 

Not  alone  are  bacteria  ix'.^istaiit  to  the  ordinary  low  lemperatoiv 
ice,  for  Pictet  and  others  have  proved  tliat  even  the  cxtraordinarr 
of  liipiefied  nir,  —  -t].'i°,  is  not  sufficient  to  destroy  them. 

Clear  ice  contains  fewer   orgnuigtns  than  that  wbtvh  contaicB 
bubbles,  and  ^now  ice  contains  rhcm  in  greatest  abiiudance. 

Artificiul  ice  is  fruzeii  in  blocks  of  the  six*!  and  sluipe  of  the 
in  which  the  water  is  Iield.  Aa  the  entire  mass  of  water  in  eacli 
is  frozen  it  naturally  must  contain  in  its  inner  [wrtion,  which  is 
last  to  freeze,  all  oi'  the  matters  originally  eoiitaincd.  Unless  the  W<1 
used  is  pure  and  I'olorle.t.'',  the  ice  will  u<)t  be  of  good  ijiiality,  and,  p* 
ticularly  in  the  center,  will  not  \k  of  good  appearance.  When  eolofl 
or  impure  water  is  used,  it  is  a  common  trick  to  remove  the  impmii 
a,nd  coloring  matters*  by  (u])piiig  the  center  before  the  freezing 
is  complekil,  and  druiving  off  the  liquid  in  which  they  have 
concent  rated.  On  account  of  the  [MLSiriible  reU-iilion  of  part 
tlie  eonlaiiied  imjxiritics  and  bacteria  of  the  water  from  wfai 
made,  artificial  ice  should  he  manufactured  only  from  distilled 
or  from  natural  water  of  the  highest  degree  of  purity. 

As  an  ilhistruliou  of  the  danger  of  using  infected  tee  in  mitt 
other  beverages,  the  following  case'  niny  be  cited.  The  officer*  of 
Frcuch  rt^nient  stationed  at  Heuiies  gave  a  dinner,  at  which  the  o 
tains  and  siiperinr  officers  drank  only  beer,  while  tlie  yoiuiger  dmh, 
Itcntenanls,  sitting  together,  drank  champagne  cup  made  with  i« 
from  (he  river  Vilaine  at  a  |Mjint  below  tlie  town,  where  tlte 
^ori'Ii  -i:    i--r  'KcTned'HnioMi,  April,  18H> 
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WW  eytcii.'«iv«ly  ixtllutcd  liy  wwiigi-  rrom  a  dklrivt  tti  whii'li  tluTO  Imtl 
been  a  number  ol"  cases  of  typhoid  fever.  Arter  the  usual  j>oriod  of 
iucubatinii,  fight  of  the  lieiitviiuiitis.  but  noric  i»f  llie  other  offii.Tr»,  wvto 
tcixed  with  lyplioid  fever.  As  the  food  .ter^-ed  waa  the  same  for  all, 
and  as  the  dineaite  wad  linitlcd  U>  iIkhh:  who  dritnk  uf  the  c'li:iiiii>ii^iic 
cup,  the  outbreuk  mar  be  attributed  in  all  fairness  to  the  ice  from  the 
ioKOted  locality. 

CHEMICAL   EXAMINATION   OF   WATER. 

Collection  of  Samples. — la  takiu^  miiii{i1l'$  uf  wntor  for  eberuica) 
itiiflly.''i.v,  f;re.it  run-  is  necessiiry  in  order  lo  secure  sj»edmens  which 
shall  be  fairly  representative  of  the  supjily  under  invefltigntion.  They 
should  he  titkeii  only  in  cleiin  gluss  bottles  or  demijohns  of  from  half 
■  gallon  to  u  gallon  capacity,  and  never  in  stone  jugs,  tin  cans  or 
wwden  k(^R.  The  best  form  of  bottle  has  a  gliws  stopixT,  but  a  |H;r- 
fectly  dean  cork  is  quite  nnobjeotioDable.  In  spite  of  directions  most 
oirefully  given,  one  often  noes  siwoimens  sent  in  stone  juge  stopped 
Willi  wooden  plug§  wrapped  with  old  cotton  rags  or  pieces  of  ncws- 
(taper  to  secure  a  tighter  lit,  and  iM>m<-times  snienriH^l  with  shoemakers' 
wax,  pitch,  or  even  tallow.  Analysis  of  such  specimens  is  likely  to 
give  reaulU  of  no  value  whatever,  for  it  must  he  reniemliered  that  we 
orv  dealing  with  exceedingly  emull  amounts  of  nmmonin  and  other 
products,  and  that  anything  short  of  absolute  cleanliness  of  reoeptaclea 
introdtioeit  error. 

The  bottle,  supjioscdly  clean  at  the  start,  should  be  thorong;hly 
rinsed  with  the  water  to  be  niunpled,  tlieii  filled  to  the  neck  iiiid  se- 
curely stoppered.  If  the  sample  comes  from  a  pump,  the  barrel  of 
ihe  latter  niu.st  lie  completely  emptied  of  the  wntcr  which  has  lieen 
etiuiding  in  it  for  uny  Icn^h  of  time  ;  if  from  a  pipe,  the  water  should 
be  allowed  to  run  to  waste,  until  the  whole  of  (ho  original  contents 
Iwive  e--«ca[>«;<l ;  if  from  a  pond  or  other  Ixnly  of  wutt-r,  the  bottle 
sbould  be  plunged  sufficiently  far  beneath  the  surface  to  avoid  the  en- 
trance of  RoHting  niatK-n*,  and  !>ufticiently  far  from  the  banki*  to  nvcnd 
nialtent  which  bug  the  shore. 

At^er  the  samjde  !.-•  seeiiriHl,  ns-  little  time  a»  {>08i<ilile  should  dnp.te 
before  beginning  the  analysis,  bcciiusc  of  the  rapidity  with  which 
dtanges  occur  in  the  organic  matters,  ammonia,  nitrites,  and  nitraten. 

Determiaation  of  Free  Ammonia  and  Albuminoid  Ammonia. 

Solations  Required:  1.  SrANDAitb  Solltion  op  Ammo.vil'm 
Chloride. — Dissolve  :l.l<1}4  grams  of  |uire  dry  itmmoninni  chloride 
in  one  liter  of  dimilled  water  free  from  nmmouiu.  Uno  cc.  of  this  solu- 
tion represents  I  mgr.  ammonia. 

i.  Standard  Dii.vtk  Somtion  of  Ammomum  Cifi.oniDE. — 
Dilute  lU  cc.  of  tile  strong  solution  up  to  a  liter  with  water  free  from 
ammonia.     One  cc.  of  lhi:t  solution  repmwnts  0.0]  mgr.  ammonia. 
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3,  Soi.mos  OP  SoPlUH  CARn<»XATE. — DiEtAolve  20O  grants  of  pure 
sodium  cnrbonalo  in  one  lilor  of  wntrr  frae  from  ummonia. 

-1.    Al.KAl.INK    PoTASSH'M    PkHMAN<IANATK, DlilSolve  H  gRUOS  of 

potufisiiim  ]»rmiuiRnnato  nml  200  pniitis  of  aitialic  pota»h  in  l.-Wfl  cp. 
dtfltillecl  water  and  boil  down  to  a  liter  to  gel  rid  of  anjr  free  ammonia 
iirvsonl.  Fifty  cc  of  this  ifoliition  nro  refiuircd  for  cacti  analysis. 
The  author  finds  it  convenieat  to  omit  the  boiling-doivn  process  when 
thr  iwlulioii  in  prL'inm'd  and  to  take  7o  cc.  and  I>oil  down  to  ■'>0  at  the 
time  of  analysis.  This  insures  freedom  tirom  auimonla  when  iism],  and 
itvoid.t  tho  linnipin^  whit-h  is  so  likely  to  occur  when  tlie  cold  solutton 
is  added  during  the  process  of  distillation. 

5.  Ni-^hi.kr'h  Kka<;rnt, — I)i»olve:)5gran]sof  potaasiumiodldeio 
lijO  cc.  of  diclillcd  water.  Dissolve  iibout  IC  gnimif  of  corrosive  sub- 
limate in  :100  oi;.  of  diitLilled  water.     Add  llie  latter  to  the  former, 

Flo.  37. 
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both  solutions  being  cold,  'fhcii  add  2()0  f;raiti:<  of  caustic  soda,  dift- 
solvcd  in  a  half  liter  of  distilled  water,  and  mix  tliorouglily.  Next 
add,  with  cou.stant  stirring,  a  saturated  .solution  of  corrosive  siiblinute 
until  the  pn-cipilutt^  which  formif  is  pcrmuiicut;  then  dilute  the  whole 
to  a  liter.  Jjct  stand  unlU  clear,  when  the  supernatant  liquid  should 
have  a  ptili;  ntnin-  «)lor. 

«.  Ammosia-fkkk  Watkr. — This  may  be  obtained  by  distilling 
water  made  slightly  acid  with  liulplniric  mri<].  The  Jirst  2.5— ^O  cc.  of 
distillate  should  be  rejected,  and  the  next  50  cc,  should  be  tested  with 
NcRsler's  reagent.  If  no  color  ap|X-jir^,  the  dmliUab^  Is  amraonia>frec, 
and  tile  operation  may  then  bo  continued  until  the  contcnte  of  tl»e  re- 
tort are  reduced  to  verj-  small  bulk.  Should  the  test  show  traces  of 
ammonia,  succctti>Ivo  portions  should  be  tcstcil  until  a  ncgntivc  result 
is  secured.  It  is  well  to  prepare  a  goodly  supply  and  keep  it  on  hand 
in  gloss'Stoppcrcd  bottles. 
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Apparatus  Required.  DlatiUliiK  AppajHtoB. — Some  annly^tn  pn>fer 
gb-w  nlort'^:  •iilit'is,  (iisiilliiig  ti:i-U- will)  siiK-  tul>i-s,  Wliifhcvi.T  « 
used,  tlie  contM'ftttoii  with  thi-  t.ii^liijf  oondenser  must  be  tight.  The 
nuitior  prcfpn;  n  diEtilliiig  fln»k  witli  ii  Mtlo  tiilic  of  ^uch  ii  sJxv  tlint  it 
enters  tlie  condenher  tube  easily,  but  without  making  a  loose  joint.  A 
Wt  of  clean  rubWr  tubing  on  tho  side  tidH-  ninv  wrrvc  to  make  the  joint 
more  i>ertect  at  the  point  of  entranoc.  The  mouth  of  the  flitsk  should 
l»e  cto^nl  witli  a  riibbt-r  stopper  with  a  niiifrh'  piTfonUion,  ciirryiug  a 
funnel  tube  which  reaches  to  the  bottom  of  the  flask. 

Thv  fln»k  or  retort  niiiy  he  h«Hted  cither  by  a  torp  burner  or  by  the 
frw  flame  of  a  Biinseu  lamp.  In  lalwratoriee  where  water  analywc  is 
conductetl  on  n  largi'  rx-jile,  it  is  foun<l  i-onventcnt  to  have  the  dislilliog 
flasks,  urranged  in  the  lorm  of  buttencH,  eonneoted  with  block  tin  ci>n> 
(lenaing  tultra  which  pa!v<  thixxigli  a  eouimoii  ct>oling'lank  fed  by  a 
Mingle  tup. 

In  Fig.  37  in  shown  the  form  of  apparatus  which  the  author  finds 
oonvouient  for  ordinarv  work. 

HMslerizmg  Tnbea, — For  making  the  determination  of  ammonia  by 
the  colorinietnc  method,  tulio^  of  colorless  glu-'W,  nI>oiit  l"ij  x  J  inches, 
with  a  mark  nt  the  50-ce.  point  arc  retpiircd. 

Determinatioii. — Tlie  flnnk  mid  oondeniser  arc  riaaed  with  ammonia- 
free  water,  a  half  liter  of  the  water  and  5cc.  of  sodium  carbonate  solution 
are  introduced  into  the  tlosk,  and  heat  i?  applied.  The  distillate  is  col- 
Icicted  either  in  the  Needier  tubes  or  in  5U-ce.  flasks,  from  which  it  is 
transferred  to  the  tul>es  ;  and  when  three  jiortions  of  -50  cc.  each  have 
been  collected,  nil  of  the  free  ammonia  in  the  sample  will  have  passed 
over. 

On  l)eginiiing  the  <lii<itillutiou,  75  cc.  of  tlui  unouncentratcil  alkaline 
permanganate  solution  are  heated  in  a  small  Rash  and  boiled  down  to 
50  CO.,  and  nn  the  enmplelioii  nf  tlie  di-ttillntinn  for  free  ammonia,  the 
hot  ifngent  K  added  through  the  funnel  tube,  and  boiling  is  continued. 
If  ttie  reagt;nt  hiw  been  eoncentrated  in  advance,  -iO  eo.  are  added. 
The  nitrogenous  orgsinic  matter  is  now  attacketl  by  the  permangaimte 
solution  and  more  ammonia  is  evolvetl.  While  this  in  no  way  differs 
from  the  fn.-c  ammonia,  it  is  given  the  diitiiiigiiiHhing  name  "  albuminoid 
ammonia  "  to  indicate  its  origin.  The  process  is  now  continued  as 
long  1L1  any  ammonia  goes  over>  but  ui^ually  no  reaction  is  observed 
after  four  portions  of  50  cc.  have  been  collected.  In  the  laboratoiy 
of  the  State  Itoard  of  Health  nf  ^^aswlchu.'<etL■>,  it  is  the  custom  to  fill 
five  tubes  and  then  to  cease  the  distillation. 

To  each  of  the  tuU'ii  containing  the  ammonias,  '1  cc.  of  Xeaslera 
reagent  are  added,  In  the  prescne<^'  of  ainmonin,  a  yellowish  brown 
color  b  produced,  the  depth  of  which  de]>ends  upon  the  amount  of 
ammonia  present.  Some  exceptionnlly  rich  waters  yield  sueh  ad 
amount  of  ammonia  that  a  prceipilate  is  formed  on  the  addition  of  the 
reagi.'nl.  Then  ll  is  neci^sary  to  repent  the  piiice.ss  and  take  an  aliipint 
pnrt  of  the  distillate  and  dilute  it  with  nmmonia-frec  water  to  60  cc. 
before  nestdcrinng.     Should  a  precipitate  again  occur,  a  smaller  part 


880 


WATSB. 


taoit  l>e  talcen,  aiid  »>  mi  until  llit!  pn>i>«r  renclton  i.i  ithtaitit^.     Til 
amount  id  tiii'  whole  di«tillale  can  then  be  luiitlicmnlicully  ilrtcrmin 

Having  nftwIcriKixi  tho  ricveral  tiibe-s  ih«  aexi  step  is  to  deter 
the  iiniount«  prcM-nt  hy  comparison  uf  colon  with  ii  scale  nude 
ibllovrs:     Intoat^rie-tof  tubes,  held  in  a  rack,  diSereat  amouDtBof  I 
wiiukiT  »(iliition  of  nmmonium  diloridv  itrv  intrvxIiKr^il,  th'Mi  nmmoatl 
free  water  is  added  to  each  u|)  to  the  oO-cc.  mark,  ciich   tube  ia«      _ 
t«  iiHiitv  tliomugh  mixing,  and  flnnlly,  3  w.  of  Ncswlcr'*  roogi-nl  added 
to  each.     A  coavcnient  scale  is  secured  by  using  0.23,  O.J 
1.00.  1.60,  2.00,  2.50,  3.00,  3.r.0,  4.00,  and  6.00  oc, 
,0.0025,  0.0050,  O.OOT.^t,  0.010,  0.015,  0.020,  0.025,  0.080, 
0.040,  and  O.O.'iO  ni)rr.  uf  ammonia. 

The  first  of  tht-w  will  have  a  very  fuiut  yellowish  brown  liol,  aodl 
the  last  a  very  decided  reddish  brown  color,  wliile  the  iDlerTtsio;] 
tuhc^  iihow  H  progressive  dcepcuing.  With  these  tube*  the  distJlbWl 
are  com|i.ired,  and  the  matching  of  colors  gives  the  desired  r(fllli.j 
If  a  given  tulx^  fall."  Ix-tween  ntiy  two  of  the  M'ale,  a  new  compariMJ 
tube  luay  be  prepared ;  but  the  praeticed  eye  can  deternunc  vm  sfCO-  j 
rately  without  thii«  extra  aid.  Having  read  the  color  of  each  lab^j 
the  amounts  of  those  roprcseutiiig  the  free  ammonia  an-  added  ingelhcr,  I 
and  the  total  multiplied  hy  2  to  get  the  amouut  ]>er  liter  of  mia;  I 
the  same  prcK*;**  is  carried  out  for  the  deteniiiiiatiitti  of  the  allw-l 
minoid  auimouin.  The  results  represent  parts  per  million,  since  « liwj 
eqnal.s  a  million  niilligmms. 

E-TAHl-LE. — The  three  free  ammonia  tubes  show  0.023, 0.O06, ' 
tot^  0.029  mgr.;   mulliplinl  by  two  =  O.O.iS  per  liter.     By  mo 
the  dwimal   point  one  place  to  the  left,  wc  have  0,04)58  part  jtfl 
]l>0,0O0,  in  which  tcnn.s  the  re^ulLt  are  ordinarily  expressed. 

Precautions. — Since  tin:  depth  of  color  eauMtl  by  Nesshf's  i 
is  more  or  less  affected  by  temperature,  and  since  in  all  piDo»«< 
comparison  the  conditions  must  lie  the  isime  wi  far  as  i.-*  ]M»aiblc,l' 
reuK^nt  should  not  be  added  until  the  distillatci^  :nid  thccoulenlt< 
tl»e  eoinpnruioii  iuIhv  have  the  same  lein]>erature.  Bqualitr  in 
res|x-cl  is  secured  ivitliout  any  manipulation  or  trouble  by  leaving 
tubes  over  niglit  so  that  all  will  anjuire  the  temperature  of  the  mvi-l 
It  is  hardly  new^ssari-  to  point  out  that  tlw  air  of  the  riHnii  in  whinj 
the  distillation  is  conducted  must  be  ipiitc  free  from  laboratory  fomw 
MK'Ji  a»  ammonia  and  siilphun.>1te<I  hydrogen,  which,  liciiig  aiwortwl 
by  the  distillate,  would,  iu  the  one  case,  give  erroneous  results,  saJi 
the  other,  react  U)m>u  (he  men-urj-  salt  in  tlie  Ne^gler's  rx?ng«iit. 

Tlie  heat  applieil  to  the  distilling  llnsk  should  be  r^o  rcjfulatedtbalt 
time  re(|uired  lor  each  portitwi  of  -'lO  ec.  will  In-  alM)ut  tifU-eu  mio 
eince  witli  mon'  nipid  distillation  there  is  likely  10  be  some  lussufi 
monia  by  imperfect  eomlensation. 

The   reading  of   the   lubes   should   not   be   undertaken    until 
least    five   minutes    have   elapsed  aiVer  the  addition  of    the 
The  extreme  depth  of  color  obluiuable  is  reached  eMncwhal  wit 
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practice  of  some  analyttte  of  distilliDg  the  fnc  ammouia  out  in 
DC  lot  of  \oO  or  '200  w,,  coUpctinj;  thp  albiiminoii]  ammonia  in 
DOther  eic^ltr  ]>orliuii  of  ^00  or  2-'iO  tx.,  wv^icri^iiif;  ii  {xirtiun  of 
■cb  and  calctilniiiig  the  Iota!  amount  of  eacli  l>y  multiplication  by 
be  pm|H*r  factor  ^ivr->  (x>rro<'t  result!* ;  liiit  it  ImK  Ik'I-ii  iiliown  llmt  I>y 
oooeMlin^  in  lliis  vray,  one  may  loae  useful  information  obtainable 
hmi  a  knowlctJfr*^  of  the  ral4>  at  whii'li  the  ammonln  Ls  «voIv<kI,  Mnoe 
ironic  matter,  well  advanwd  in  (Iccomjiosition,  vlcitls  it  more  oo- 
piuuily  ia  tlie  SrAt  disttlUilo,  wli<^rt^i  frc^^h  material  yieldi*  it  more 
duvly  nnd  uniformly. 

Some  analysts  maJce  dnpHcatc  dixtiUationH  of  one  water  at  the  sanje 
liaDc.  d<-trni)iniog  tlio  froc  ammoniu  iti  oiio  .■■[K-cinicii,  and  by  nddiiig 
4f  pennaujc^'inate  at  the  start  in  the  other,  determining  the  total  free 
ind  albuminoid  anniioniu  tugiiher.  Hy  !iulilnieling  tlio  \fi»cT  from 
dKfrrrater,  the  ammmt  of  albuminoid  ummunia  i^  obtained. 

DtteiminatioD   of   Other    Nitrogen   Oompotmds.      FrelimlnaiT 
ItHtiiMot. — ^^buuld  tin-  si>ecimcn  of  witter  hiive  an  iipiinx'iuble  color 
lo  dt.'if4i>lvi'd  ve|plab!e  matters  it  is   neeesaary.  bctore  allempting 
irrminntion  of  the  above- mentioned  tiiilnilmJwK  or  of  the  ddo- 
,  to  decolorize  a  sufiicicnt  volume  by  means  of  milk  of  alumina, 
tic  prcpRntI  by  mixin;;  gnidiiully  very  <libite  !<olutioni<  of  wditim 
le  or  ammonia  and  altini  or  aluminum  sulphate  ;  the  resulting 
pitAtc  i*i  allovft-d  to  st-tllo  and  in  tJicn  w:i.-<h«l  sfiveral  times  by  de- 
an.    The  water  tued  In  washing  must  be  free  from    chloride!^, 
and   nitritts.     If  Dtroo^  oobitionH  are  nned,  the  gelntinoutt 
pilatP  soon  underfoot!  chanf^c  both  in  iipiK'nnuiw  mid  character. 
llKcn(De!<  cjiatky  and  loses  its  property  of  removing  color.    In  order 
[naoTC  all  ddorinj;  matter,  ix  half  liter  of  the  ivalor  may  1m*  '•bakcn 
task    nith   a   few  ec.   of  the    thick   "  milk  "    and  then    filtered 
paper.     By  tlii><  meiinx,  the  mont  highly  colort^l  swamp  wnlcrx 
nnde  colorless  in  :i  very  few  minutcB. 

itioa  of  Nitrogen  as  Nitrites.     Solutions  Beqnired. — I. 
IILIC   A<;ii(   Sin.UTioN    (piinimidolicnKene   sulphonic   neid), 
olve  O.fiO  gram  in  1 50  cc.  of  acetic  acid,  sp.  gr,  1 ,040, 

NAPimnii.A«lsr  Sonrrios  ('i-iunidonaphtlmlenv).      Dissolve 
■  pum.  in  20  cc.  of  boiling  wat«r,  filter,  and  add  180  cc.  of  acetic 
.■p-gr.  I. (MO. 
8.  SriMiAKii  Soitii'M  Nitrite  Siji.itiox. — Dissolve  0,i*7-j  pram 
'pure  nitrite  of  silver  in  pun'  diHtiU^^d  water  and  add  a  dilute  soln- 
I  of  pure  sodium  chloride  until  precipitation  oiitsee.     Diltitu  to  2.'jO 
buj  preserve  in  the  dark  in  an  amber  bottle. 
4.  Sr.iNHARn  DiLtTE  SoprrM  Nithite  Soi.utiok. — Dilute  10  oc. 
tikt  above  to  a  liter  with  pure  dir'tilled  water  and  nr«8crve  in  the 
'  way.     One  cc.  «iiuaU  0.00 1  nigr.  nitmgen  &»  nitritefl. 

k — To  50  oc.  of  water  in  a  Piesslcr  tube,  or  to  100  oc.  in  a 

tof  laiyer  diameter,  add  2  ec.  of  each  of  the  two  first -mentioned 

yas.     If  nitrites  are  present,  a  |Muk  to  a  ^irnct  color  i»  developed 

a'n  a  lialf  lionr,  tl»e  intensity  of  color  de^K'nding  npon  the  amotint 
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of  nitrite  present.     If  no  ohaii^  is  ob^crt'able  at  tJi«  eiid  of  a  Uf 
hour,  nitnlcs  mav  Iw  recorded  as  abseut.     If,  on  the  nontrari',  a  onlor-j 
ation  IN  ppHluoed,  lltv  t«al  may  li(t  n>]>oaIed  and  at  tlic  ttaiue  tinw  onel 
or  more  comparison  cylinders  prcparcil.     In  similar  uihe«,  dilute  uj 
tlio  mark  with  di^^tiilcd  ivuu^r  free  from  iiitriicA  0.25,  l>..'>0,  and  1  ceo 
the  dilute  sodium  nitrite  solution,  and  udd  to  each  the  proper  aoHD 
of  till!  U-M  HoluiitHiA.     At  the  end  of  half  an  hour,  oomp«n-  the  ooli 
acquired  by  the  water  soniiilv  with  Hie  ^^liuidiirds,  and  multiply  by  tb 
pro|i<-r  Gictor  to  determine  the  amount  per  liter. 

Since  the  nir  of  laboratories  \u  which  pi?i  is  hnrninf^  is  very  likdj 
to  contain  traces  of  nitrites,  which  are  readily  abiwrbed  by  wal«r,  il  ti 
well  to  ktH^p  the  tulK-9  oorkM  or  otherwise  protected.     Aji  open  lob 
left  some  hours  is  almost  sure  to  develop  more  or  less  color. 

The  color  reaction  i.*  due  first  to  the  aotiou  of  the  nitrite  prwfnl* 
tlicfulpbutiilic  acid,  where  by  n  new  compound  (diazobcnzeoe  sutphonis 
anhydride)  is  produced,  which  is  then  acted  upon  by  tbe  iia[itiiliyb-| 
mine  and  converted  into  another  (azo-a-iunidonapbtludeoe-panztib^a* 
zene  &iil[>honic  ncidi  which  impiirts  the  color. 

Determination  of  Nitrogen  as  Nitrates.     Solutions  £«qiiir«d.— L 
PnESOLDiSL'LPHOSic  AciD. — Heat  together  for  six  hour*  in  a  wati 
bath  •')55  gram»of  .«itron|r  sulphuric  acid  and  15  grams  of  purr  pWnoLJ 
Should  the  resulting  compound  solidify  on  cooling,  it  may  be  liqaefio 
again  in  the  bath  and  then  poured  into  a  numt>er  of  small  bottlui  [ 
videil  with  ground  stoppers.     Then,  ns  ncctlcd,  one  of  tbem  may 
placed  in  the  bath  and  the  contents  ]i<|uefied. 

2.  Standard  ^Wii.uTioN  OF  PoTASsiPM  NtTHATE. — ^Dissolve 0.71 
CTam  of  pure  potus^um  mtrate  in  a  liter  of  pure  distilled 
One  cc.  ei|ualtt  0.1  mgr.  niin)g«>n  as  nitrates. 

Process. — Evaporate  10  cc.  or  more  of  the  water  to  dryncM' 
one  drop  of  sodium  carbonate  aolution  in  a  gniall  porcvUiin  diah. 
the  residue,  add  1  cc.  of  phcnoldiHulphonicacid  which  must  l>t>  br 
into  contact  with  every  particle  by  means  of  a  glast)  rod.     Dilute  will 
water,  make  stii.nigly  alkaline  with  ammonia  or  caustic  {toia^b, 
finally,  make  up  to  oO  or   100  cc,  with   water.     Evajioratc  mc 
vobunes  of  the  standard  nitrate  solution,  treat  the  residue^)  iritk 
same  amount  of  the  reagent,  and  proceed  in  the  same  way  to  inib  i 
comparison  scale.     The  addition  of  thi.-  alkali  converts  the  pierici 
formed  by  the  action  of  the  nitrate  on  the  phenoldisnlphonic  acid,iM 
the  corresponding  piei-ate,  whicli  iniimrt*  a  hri^rhl  yellow  color,  tbci 
tensity  of  which  de]K'nd4  uiwn  the  amotint  of  nitnite  present 
comparison  of  tints  may  be  made  directly  in  the  porcelain  dishes  or  I 
tubes  of  the  same  sort  a*  used  in  the  nitrite  determination. 

The  accuracy  of  the  test  is  diminished  by  the  iircscnce  of  cblo 
in  notnbk'  amount-^,  say  over  2  i«irts  in  100,000,  but  not  by  nit 
On  this  account,  Mason  recommends  tbe  addition  of  oorrettpOD 
amounts  of  sodium  chloride  in  the  preparation  of  the  color  scale. 

DeteininatiOD  of  Chlorine. — Solutions  Oeqaired. — 1.  Stinda 
SDnrriox  ov  Sii.vkr   Xitratk. — Dissolve   4.7970   grams  of 
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&ilvrr  nitniu-  in  n  liter  of  ilixtilk'cl  wau-r.  One  co.  of  t\m  solution  is 
tbe  equivalent  of  I  mgr.  of  chlorine. 

2.  Soi.lTIOS  (IF  Fi/TAWlfM  ClIUOMATE. — DisHillvi'  'l  [;l-liniM  of 
potuwium  chromate  in  UK)  cc.  of  diatillcd  water,  aiM  uitrate  of  silver 
soliiliui),  for  the  rcinoval  of  nny  tni<^-B  of  dilorides  j)ro.-<ciil,  iinlil  a  red 
precipitate  of  chromato  of  §ilver  is  formtil.  Let  Htaiid  and  separate 
thv  pn-oijHtuii'  \>y  decnntiilion  nr  liltrntlnn.  ThiH  Koliitioii  in  to  Ik 
used  as  an   indicutor. 

i*Rin:rsi. — Place  in  each  of  two  beakers  of  similar  »he  100  cc.  of 
WBler  anil  6~lfl  drops  of  tlit  indicnlor.  Tlic  liwikors  sliiiiding  side  by 
tide  upon  a  white  surface  of  porcelain  or  filter  pa|)er,  the  silver  nitrate 
•  solalion  is  iu)d«<l  Co  one  of  lliom  from  u  hurctlc  little  \>y  little  until,  in 
(pile  of  Htirring  with  a  ghiss  rod,  a  faint  reddish  tinge  is  beginning  to 
b«  pcrwptible.  Thi:*  Ij*  more  eiwily  seen  by  TOniparison  with  the  water 
ia  the  other  beaker.  The  bnrettc  reading  is  now  taken,  and  then  a 
drop  or  two  more  of  the  vifflgenl  wilt,  by  intensifyinfr  the  rc<l  oolor, 
show  dial  the  end  point  huH  been  reached.  The  process  depends  upon 
tlie  liicl  that  silver  has  a  greater  affinity  for  chlorides  than  fur  chm- 
mstes,  and  that,  bo  lou;^  u»  nny  uf  the  former  are  piT^ent,  no  permanent 
union  will  be  made  with  the  latter.  ^Vhen,  however,  all  the  chlorine 
has  combined  with  the  silver,  lliii  rod  chroinnttf  begins  to  fonn  and 
makei  its  presence  known  bv  the  change  of  color.  On  the  completion 
of  the  procem,  the  lunnunt  of  the  ?>tniKlard  rengi-nt  used  indicaleH  the 
amount  of  chlorine  present,  each  cc.  nsed  representing  a  milligram. 

loumuoh  as  e.  certain  amount  of  the  reagent  in  rei|uired  to  give  tbe 
beginning  tint  in  100  ee.  of  diatillcd  wuter,  a  eorrectiun  must  be  made 
before  s<'tting  down  the  result.  This  amount  diflers  somewhat  with 
different  ohscrvera,  Btuce  all  eyes  nre  not  e<|iially  tpiick  to  discern  the 
iip|)earance  of  tbe  reddish  tint,  and  hence  the  best  method  of  fixing 
the  amount  to  be  Kubtructefl  ii>  foniich  one  to  determine  it  himself  by 
experimenting  with  lUO  cc.  of  distilled  water  containing  the  requifiite 
umonnt  of  the  indicator. 

Should  the  amount  of  chlorine  in  a  given  enniplc  be  so  small  that 
the  end  reaction  appear.'i  on  the  addition  of  but  a  few  drops  of  the 
diver  solution,  it  is  best  to  concentrate  250  or  500  cc.  of  tbe  water  to 
100  cc.  and  ri-j^'nt  the  titration. 

Determination  of  Eeaidne. — Evaponite  100  oe.  of  water  to  dry- 
ocas  in  a  perfectly  clean,  dry,  accurately  weighed,  platinum  dipli. 
"When  oomplct*'Iy  evaporated,  tnmsfer  tlie  diwh  fruin  the  wuter-balh  to 
ui  air-hath  kept  at  105°  C.  and  leave  it  lor  an  hour,  at  the  expiration 
of  which  lime,  plutt^  ii  in  a  desleeator  to  cool.  Koweigh  and  note  the 
gain  in  weight,  which  represents  the  amount  of  total  solids  in  the  vol- 
ume of  WHier  taken.  The  number  of  railligram.t  gained  represents  the 
number  of  puns  per  100,000.  The  weigliing  must  be  done  us  quickly 
M  possible,  in  order  to  avoid  error  due  to  the  absorption  of  atmospheric 
moisture  by  iiygroscopic  nmttew  in  the  residue. 

In  order  to  determine  the  amount  of  volatile  i>ubgtances,  the  dish  is 
next  heated  to  dull   redn<'8S  on  a  platinum  triangle  o%'er  a  liunsen 
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lamp.  The  oi^anic  matter,  in  the  process  of  biiminfi  off,  gives  rm  ti> 
more  or  lc»s  bluckening  aii<]  may  also  evolve  odors  which  often  eonvsy 
some  idea  of  its  ruiture.  The  bluelicaiiig  miij-  (lit^nppi^nr  <juic-kh- nr 
may  persiitt  for  iwtme  lime,  eH[x«ially  ia  the  case  of  woody  maCtera  tvA 
08  ure  present  in  brown  swiimp  wntont.  Aniniiil  matters  caowtn  ndcr 
tike  that  of  burnt  horn;  %'egetab)e  substances,  one  suggestiwi 
burning  peat,  lliv  low  in  wwglit  represents  not  only  the  o^ 
matter  but  al»>  the  nitratei#,  nitrites,  ammonium  ealte,  combined  i 
bonic  Aoid,  and,  if  the  U-mjH-rattire  hii8  l>eeu  raUcd  too  far,  part  of  i 
chlorides.     The  residue  iiftcr  i^iition  rcpn-sents  the  "  fixed  solids." 

Detenninatioii  of  Hardness. — For  the  detenninatjon  of  haidoesi,! 
number  of  proceww!  are  in  nso,  but  for  pnictiojil  utility,  that  knon  i 
the  "soap  uit'thod  "  is  to  be  preferred. 

Solutions  Required. — 1.  HT,\NnAiii>  Soi.ittjos  of  Caixivn  Ch 
mi>K. — Weigh  out  1  gram  of  pure  calcium  rarljouate,  dissolve  it  ioi 
little  »»  piissiblo  dilute  hydrochloric  acid,  and  evaporate  to  dry; 
Add  to  the  residue  a  little  distilled  water  and  agiiin  evaporate  to  dtyi 
Dissolve  in  distilled  water  and  make  up  to  a  liter.  Onecc  reprteeoul 
milligram  of  eulciuni  airbonalc.  2,  StanPABD  Soi.LTios  OPl 
Serape  about  10  grams  from  an  old  dry  piece  of  pure  Castile  wapllttl 
from  st^idiuni  hydrate  and  ciirbonule,  ami  diitsolvc  it  in  a  liter i-fdiluitij 
alcohol.  Let  stand  over  night  and  filter.  This  must  next  be  standard-] 
iwd  in  the  fnllowiiip  manner:  To  100  ee.  of  disltlli>tl  water  oontaiiitdl 
io  a  glass-stoppered  bottle  of  about  Sntt-cc,  capacity,  nm  in.  frara»| 
burette,  successive  small  portions  of  the  soap  solution  until,  on  vigorooT 
shaking,  n  lather  is  formed  which  persists  nt  Icjuit  two  minutat,  swJ 
note  the  amount  used. 

Rcpi-iit  the  openttiou  with  99  cc.  +  1  cc  of  tl>c  standard  woliitioni 
calcium  chloride,  and  then  with  '2,  S,  4,  5,  6,  7,  K,  9,  and  Id  cc.  oft 
name  solution  made  u]i  to  100  ec.  with  distilled  ivater,  and  note  tlxi 
amount  used  in  each  test.  It  will  not  sufHce  to  determine  the  im 
necessary  Io  pi-odnce  a  lather  ivith  distilled  water  and  with  10  ec-t 
tltc  calcium  chloride  solution  made  Up  to  the  loime  volntne,  and  divio 
the  diffcn-ucc  by  10,  since  as  we  go  up  in  the  scale  a  gradual  !es»Miilffj 
of  the  amount  of  increase  for  each  degree  is  noted.  In  thi*  way 
obtain  »  sisile  of  vnliie^  for  (he  particular  lot  of  soap  solution  mmleill 
one  time.  It  will  save  some  trouble  if  one  makes  np  n  number  of  j 
liter*,  but  it  is  necessary  to  mnlte  occiui^iiinal  tc«li*  to  «ee  tliat  ti»c  stre 
docs  not  deterionitc,  or,  if  it  does,  to  correct  the  scale. 

Pi£ocB*(, — To  100  CO.  in  tlie  botth'  aI>ove  menitoived,  add  the  » 
solution  in  the  same  manner  iis  employed  in  making  the  scale, : 
when  the  end  imint  is  reached,  note  ine  amount  used,  ami  by  refei 
to  the  scale,  ascertain  the  niimlwr  of  decrees  of  hardness.     Should 
water  Iw  hiinlcr  than  1 0  degrees,  it  is  best  to  take  a  smaller  amo 
and  make  it  up  to  lOO  cc,  and  then  proceed  anew,  remetnberiug  al  i 
end  lo  calculate  accordingly. 

The  result  obtaindi  expresses  the  "total  hanln«8s,"     If  it  bcdesii 
to  ascertain  the  temporary,  or  remo^dile,  hardness,  100  oc.  of  the' 
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may  be  boiled  Ave  miiiiite'i  an<t  then  allowed  to  cool.  The  origmul 
voliiiDP  is  rvHtori-i]  bv  llw  ii<l<Uti(>ri  of  tliv  neoc«eary  Binoiint  of  di^tillccl 
wftter.aad  tbeu  the  operation  is  re{>E'ated.  The  Becond  result  indicateii 
the  (XTnuineiit  linnlnt.-M»,  mid  tlio  difTerciioc,  if  auy,  \»  tlw  temjwrary 
banlnesH. 

DeterminatioD  of  *■  Oxygen  Required."^ All  orgnnii,'  «til)itianc«8 
are  ansccplibk'  of  oxidation,  but  a>-  thtv  arc  w  idfly  vanuhlc  in  character, 
they  re()uiii-  very  ditft-ront  nmotintn  of  oxidizing  agentit  for  the  iittain- 
nusntof  the  fiamc  re&idt.  Tbe  several  nivtlxKU  propoHL-d  for  determin- 
ing the  o  xy  gen-con  All  raing  capacity  of  drinking  waters  have,  therefore, 
only  n  limilnl  vninc,  bnt  in  f^cncnd  it  mity  be  said  tliitt  n  high  require- 
ment indicatts  an  aiiionnt  of  organic  matter  inconaistent  with  purity 
wlien  it  cannot  be  ncouiinted  (i»r  by  tlie  prc^'nct  of  ferrous  satld. 
Sioce  the  amount  of  organic  matter  is  pretty  fairly  indicated  by  the 
unmotiin  and  nibiiminoid  nmiiionia  dfTlcrmhiutioiis,  the  ciftimution  o( 
the  "oxygen  rcf[Tiirfid  "  serves  only  as  confirmatory  evidence. 

BolatlonB  Required.  1.  STASiixnn  Sot.rTiiis  or  PorrASRiril  PKlt- 
UANdANATK. — Dissolve  O.ftda  gram  in  a.  liter  of  distilled  water.  One 
CO.  is  M{uivalent  to  0.1  mgr.  of  available  oxygen. 

2.  9rASDARi>Soi.imos  OF  Oxalic  Ano. — DisBolvo  0.7876  gram 
in  a  liter  of  diAtilleil  water.  One  co.  corresponds  to  an  e(]unl  raeaa- 
iire  of  the  pcrmsngauatc  solnlion. 

3.  DiiXTE  SvLpHiriuc  Ac-ID,  1  :3. 

PROCEW. — The  determinntion  is  ba«cd  on  the  fact  tliat  potiusium 
permanganate  gives  up  its  oxygen  readily  to  organic  matter,  especially 
in  the  pr<-'<rn<rof  aciil  and  witli  (iic- application  of  heat.  The  reaction 
ia  expressed  in  the  following  equation : 

4KiInO.  +  8H,SO,  =  2K^U,  .  4Mei80,  +  flH,0-|-  60,. 

Thus  four  molecntes  of  permangaoate  will  yield  five  of  oxygen  or, 
difffn'ntly  ex prc»-tc<l,  t!32  (wills  by  weight  of  the  one  will  yield  180 
partA  by  weight  of  Uic  other  ;  hence,  3,950  permanganate  equals  1,000 
oxygen. 

In  this  operation,  cle.inliness  of  vessels  is  of  the  greatest  tnipurtance. 
A  |K»nvhiin  cnHitcrole  or  evaporating  diidi  of  sufTicient  t^ixe  is  miidc  fit 
for  use  by  boiling  in  it  diatilled  water  nctdtihUed  with  sulphuric  acid 
and  adding  |>erniangnn:ilf  .lolution  until  no  further  decoloration  is 
observed. 

Pbce  200  cc.  of  the  <iample  in  the  dish,  add  10  cc,  of  the  dilute 
sitlpliurio  acid  and  bent  to  boiling.  .\d<l  from  n  burette  enough  of 
the  prmangaoate  solution  to  cause  a  very  distinct  redness,  and  boil 
agnin,  adding  the  prrmaiiganalc  a^  the  <>idor  tendn  to  fade  awny,  ito  u 
to  keep  as  nearly  as  poeaible  the  original  color.  When  further  boiling 
for  h  to  10  minutes  laili*  to  diinini.«h  the  inten.'tity  of  the  color,  oxida- 
tion is  complete.  Add  now  10  cc.  of  the  oxalic  acid  solution,  which 
will  di*clmTp-  the  colur  if  the  permanganate  has  not  been  added  too 
freely.  Should  the  color  not  l>e  disehnrged  by  10  cc,  mid  10  more. 
Having  nowa  colorlewi  solution,  add  more  permanganate  until  a  alight 
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pink  color  again  appears.     Xote  t]i«  total  amuuni  of  permsnj 
UBcJ,  siibtr^cl  from  it  tbul  ii>ii-il  u]>  W  the  oxalic  acid,  multipJjri 
nii[nl>er  of  co,  remainiug  by  o  in  onier  to  arrive  at  tlie  amoant ' 
would  be  ouui(uui(>d  by  a  liter,  mud  divide  by  10  to  cxprctui  tiie  : 
in  milligrams  of  oxygen.     InaMnucli  as  any  nitrites  present  arc  i 
dized  to  nitmte«,  n.  corrt'Ctioii  tnuU  be  inade  for  tlH'in.     Ttiicoul 
done  very  readily,  since  1(>  parts  of  oxygen  are  re(|iiired  for  H 
of  nitro^n  iw  nilrilt-M. 

Since  the  pcmmnganate  solution  is  not  wholly  stable,  it  sboaM^I 
titrated  against  the  oxalic  acid  flolution  every  time  it  i«  ntuxl. 
can  be  done  most  conveniently  by  addiu;;,  iifter  the  openilion  itx 
pleLed  and  the  reading  of  tlie  burette  i.i  ni>1ed,  10  cc.  more  of  thei 
alio  solution  and  titnitin);  U]^iu  to  the  Buinc  point  as  Iwfore. 

The  oxalio  solution  kecpu  better,  if  a  few  oe.  of  strong  aulphurie  i 
are  added  when  it  is  iH-ing  diluted  to  n  liter. 

Determination  of  Color. — The  color  of  water  may  be  observed  1 
vicwiiif^  11  MilVniiiit  ilnplli  of  the  specimen  iti  a  glau  cyliitder : 
white  surface.     Color  may  be  expressed  quantitatively  by  comp 
with  t)u>  :<tniiilanl><  for  (he  aninioniu  delenn illations. 

Determination  of  Odor.— I'Ince  about  20U  cc.  of  water  in  a  l>( 
beukur,  a>vor  with  a  watch-glasM  and  heat  to  about  40°  C     Give  I 
beaker  a  rotary  motion  so  tliiit  the  wnlcr  is  set  in  motion, 
the  watoii-glass  and  with   the  nose  well  inside  the  beaker  DOte 
cliaracttir  of  the  odor.     Some  analysts  prefer  to  beat  tlie  water  iD| 
gliU.S'etoppered  bottle,  the  use  of  which  permits  a  much  more  ihor 
agitation  of  the  wat*'r  befnO'  npplying  the  now,'.     The  odor  should  I 
designated  according  to  the  subelancc  which  its  presence  sugge^te. 

Determination  of  Keactlon. — A  must  delicuie  reagent  for  alli 
in  water  is  a  l-pcr-ccnt.  solution  of  toluylone  rod.      Fifty  cc.  ol 
dLttinctly  alkaline  will  become  intensely  yellow  on  lite  addition  ofl 
or  3  drops.     A  lc«s  degree  of  alkalinity  will  cnii«H>  an  orattge  or] 
red  color.     It  is  so  delicate  a  test  that  one  part  of  alkaline 
in  a  millitiii  hi  revealed  by  it. 

The  prcMuce  of  ucids  is  shown  by  another  sensitive  indicator,  I 
moid.     This  is  not  aSected  by  carbonic  acid  nor  by  ferrous  and  i 
metullic  wilts  whicii  are  acid  to  litmus,  but  is  nfl'cctcd  by  ferric  i 
It  may  bf   used  as  a  1-per-cent.  solution  in  diluted  alcohol.     I'he 
phthaiein  solution,  n.T>  per  cent.,  is  colorless  in  neutral  and  aeWi 
lution^,  and  pink  In  alkaline.     It  is  aOccted  by  carlmnic  acid. 

In  the  determination  of  reaction,  a  drop  or  two  of  the  indintorj 
added  u>  a  volume  of  tin-  water  in  a  long  gla»7  tul>e.  A  very  i 
change  due  to  acid«  or  alkalies  is  ijuile  iK-nvplible  on  looking  < 
through  tile  column  againnt  a  white  background.  If  the  reacli 
acid,  the  sample  itlioiihl  be  boiled,  then  cooled  ami  tested  agua] 
Bwertain  if  the  anility  is  due  wholly  or  in  jmrt  to  carbonic  M 
Acidity  and  alkalinity  are  deturmined  quantitativi^ly  by  titration  «1 
centinormal  sfiliilion*  of  »oda  nnd  hydrochloric  acid,  using  laemoid] 
phenolohlhalein  and  methyl  oraiigi-  as  indicators. 
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Detection  uid  DeterminatioD  of  Lead. — Many  ])row§A6s  have 
been  proposed  for  IbiiIi  qiuililtitive  anil  <)iu)iilitfltJv*e  doUTiniimtion  of 
UiU  moft  uiiiii-s>iniVil<'  cuntnmmiition,  Tlit  simplest  test,  but  by  no 
tneane  the  heM,  conwBts  in  adding  n  drop  or  two  of  BmoiDninm  sul- 
phide to  a  voliinu!  of  vrater  in  a  uU  gliiss  cylinder  and  notiii);  the 
charsoter  of  the  discolonition  prtMluced.  If  a  darkening  occurs,  due  to 
the  formation  of  n  metallic  sutpliide,  tho  nddttiou  of  dilute-  Iiydrocliluric 
acid  will  dit^tingiiiuh  between  lend  tind  iron,  the  sulphide  of  the  latter 
Iwiiig  itnluble.  To  thofie  who  have  had  iinj-  pniolicul  cjciwrivnoc.  in 
delveting  mtnuli^  amonnt«  of  mctidH  in  water,  this  method  i§  far  from 
bciiif;  saliflfaetory.  More  or  less  color  is  imparted  by  the  aniiiionium 
sulpliidc,  and  nioru  or  k*-*  turbidity  i#  commonly  prothiccd  on  the  ad- 
dition of  the  aoid.  Moreover,  when  unconceutrated  water  is  used  for 
thp  t«l,  no  reaction  may  oociir.  iilthout;h  the  poit^onoiis  metal  is  present 
in  mintite  traces. 

Anothvr  iiirnpli-  tc-«t,  di>)>«'ndin^  upon  the  fnrmatioii  of  k-ad  cliromat«, 
has  been  offered  by  S.  Harvey '  who  claims  that  wat4?r  containing  0.^0 
milligram  of  lead  in  a  liter  will  show  a  turbidity  from  eliromatf,  whcD 
'250  cc,  nrp  treated  with  0. 1 0  griini  of  potatwiimi  dichromate ;  and  that 
in  twelve  hours  tlie  precipitate  will  settle  and  beeorae  still  more  dig- 
linct. 

Since  small  amounts  of  lead  sulphide  remain  in  solution  and  can 
only  b«  HcimniUHi  with  great  dilTiculty  when  the  volume  of  water  ia 
large,  it  is  best  to  concentrate  the  specimen  to  a  very  small  bulk  be- 
fore attempting  to  pre<-ipitate  the  lead.  From  this  point  onwan]  the 
metlK>ds  employed  vary  verj-  considcriibly.  Licbrlch '  precipitates 
tlif  lend  a.i  suljdude  in  acid  soltilioo,  converts  it  to  sulphate  hy  treat- 
ment with  nitric  and  sulphuric  iicids  and  dissolves  this  by  warming 
witli  a  few  cc.  caustic  potash  (1:10).  The  solution  is  filtered  and  made 
op  to  20  cc.  and  2  co.  of  imimonium  riulpliide  arc  addwl,  whereby  a 
hrown  color  is  produced,  which  can  be  compared  with  the  shades  pro- 
diK«]  by  similar  trentmeut  of  tin-  aame  volumes  of  diulilk-d  water  con- 
taining known  amounta  of  a  solution  of  k-nd  sulphate  lu  caustic  potash. 

Antony  and  flcnelli '  recommend  tlie  addition  of  mercurous  chloride 
before  precipitation  as  sulphides,  believing  tlmllliereky  no  tniee  of  lead 
uan  eJioape  <^om[)lete  separation.  The  combined  sulphides  are  filtered 
and  dried,  then  heated  to  such  an  extent  that  the  mercury  salt  is 
driven  off,  leaving  the  lead  as  a  residue.  Mr,  H.  W.  Clark,*  after  try- 
ing all  known  methoiU,  findit  mo:>t  wlisfaction  in  the  following  process 
devised  in  his  laboratory  :  3,oOO  cc.  arc  evaporated  down  to  25  or  30 
cc,  10  or  1'^  cc.  of  anmioniiim  chloride  solution  added  to  aM<ist  the 
separation  of  the  sulphides,  and  :i  eonsidc ruble  excess  of  strong  am- 
mooia.  Hydrogen  .sulphide  ia  then  added  and  the  diah  allowed  to 
stand  some  hours,  uf^er  which  more  ammonia  and  hydrogen  sulphide 
are  added.     Af>er  Iwiling  to  ex[>el  the  excess  of  hydrogen  sulphide,  the 
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precipitate  is  filtered  off.     It  contaias  any  lead,  iron,  copper  or  asci 

stilpliidcA,  ami  utlit-r  HiLtpendcd  oif^mic  iiiu)  mitii.TuI  siilMtanoM.  Itij 
washed  once  with  hot  water  aud  the  iKijier  is  then  boiled  in  dlluH 
nitric  iipid  (I:'*).  It  h  tlit-n  tilti^rvd,  and  u':i»iiiitg  is  cwutinucd  u  IhdI 
■s  any  acid  ia  removed. 

The  filtrate  and  the  wa-ihings  are  <x>noentrat«d  to  about  lOorlSct^ 
cooled,  and  then  mixed  with  -5  cc.  of  t»iicentrated  sulphuric 
(speci 6c  gravity  1,84)  and  heated  until  oopiouii  fumes  of  MilphuricrHl 
arc  evwlved.  In  llie  aWmr  of  aunv  iron  titan  0,02-j  in  liXl|ii<ii\ 
acetic  acid  and  ammonia  are  added  directly.  It  ia  next  hoileJ  m\ 
flltercHl,  all  the  inin,  dehydrated  silica,  and  insoluhlv  organic  maittt 
being  le/V  on  tli«  paper.  The  filtrate  ie  then  used  for  the  colorimetric 
datermination  of  lead  by  nteaiu  of  oompari.'<on  of  tlie  shade  proiluwl 
hy  tbc  addition  of  hydrogen  stilpbidc  solution  witli  a  set  of  staaiUrdt 
oontaining  known  amouotfi  of  lead. 

With  more  tiwin  0.02->  iron  in  100,000,  the  process  is  somewiial  dil- 
ferenl ;  the  lead  sulphate  is  waslied  into  a  beaker  with  alcohol  an<l 
water  and  allowed  to  ntand  over  iiif^^hl,  awl  then  filt^Tvil  off  nod  vriuhi 
with  dO-per-ccnt.  alcohol  nnlil  frev  from  iron.  It  i^  then  dUM)K'«d  b; 
boiling  the  filter  with  ammonium  aoetate  in  a  |M>roeI»in  dish.  Kxpcri' 
cncv  lias  demonstrated  that  tliis  process  is  extremely  accurate 
reliable. 

The  author  UniU  the  following  pn>cess  simple,  rapid,  and  accu: 
Evaporate  :i,l.'0O-4,0lM>  oc.  of  water  down  to  about    1 S-20  cc.  in 
porcelain  dinh,  add,  little  by  little,  and  witii  gi-nllc  htnit,  cnot^h  ililal 
hydrochloric  acid  to  dissol  w  any  encrustation  of  salts  on  the  side* 
bottom  and  to  give  a  atit/fil  acid  reaction,  then  add  5-10  cx^  ur«it[ 
rottdl  bvdn.igen  wHter  ofgiwd  strength.      /\ny  lead  present  is  piwi 
tated  in  a  very  tine  state,  but  not  so  fine  but  tliat  the  entire  aiiiiHict 
be  (wlhrcted  uii  a  Swolich  filter.     W««h  twice  and  then  treat  on 
filter  with  boiling  dilute  nitric  acid  until  the  black  dejKiHit  is  wi 
dtMolved.     Wash  with  hoi  water  as  long  a-<  tlie  washings  arc  add, 
add  them  to  the  nitric  acid   filtrate.     Evaiwrate  lo  dryness  in 
original  dUh,  »dd  distilled  water,  aud  again  dry.     Dissolve  the  nai' 
in  Iwt  distilkd  wut^Timd  make  up  to  50  oc     Take  5— lOcc.  andcB 
to  about  80  cc.  with  dtsiilled  water  tn  a  glass  comparir^n  tube  of  1 
oc.  cniHicity,  add  autpluiretted   hydrogen  water  in  sufficient  ami 
make  up  to  100  cc.  with  <listilled  water  and  mix  thoroughly  by  inv 
ing  the  tu)K  a  nimiber  of  times.     (^'oni|iari?  lb«  d«;ptli  of  culor 
those  of  a  series  of  tiilKv  containing  known  amount<i  of  lead  as  l 
nitrate,  treated  with  sulphuretted  hydrogen  in  the  «anic  way. 

The  Btaiiihinl  aolulion  !.'«  nindi-  by  dissolving  0.160  gram  of 
lead  nitrate  in  a  liter  of  distilled  water;  one  cc.  represents  O.I 
gram  of  lead,  A  convenient  scale  ts  made  with  1,  '2,  .'1,  4,  5,  6, 
8,  9,  and  10  cc.of  the  »oluliou  in  100  cc.  If  the  auljihurrttcd  bi 
gen  water  ia  added  after  dihiting  to  about  80  oc.,  the  result  ia  a  seriee 
sufltciently  clear  •itandanb  nbowing  veiy  sharp  and  regtilar  stage* 
color.     If  the  reagent  is  added  before  tJie  lead  salt  has  been  snffideiitl 


CUEMIVAL  EXAMISATIOX  OF  WATBH. 


389 


diliiwd.the  flbindiirds  are  vei^'  ttirtnd  and  nre  Inoking  in  the  very 
«99l'iitiu]  ^niilution  uf  eulor. 

Should  Ihe  depth  of  color  obtained  in  the  preliminary  t«at  be 
gnater  tlinii  tlint  givrri  br  No.  10,  u  <«ni»l]cT  amount  inni>l  be  tiikeu 
and  the  esi>erinjenl  re|>pated.  Should  it  be  very  faint,  the  whole  of 
tlw  peniainAer  nm  be  trciil<.ii  and  vom pared.  Fiiun  the  rosnlt  ob- 
tained by  malchini;  the  colors,  the  amount  of  lead  in  part*  per  100,- 
(XM)  is  isisity  culcuinti-d. 

ExAiirLE. — ^Ten  cc.  treated  as  above  gave  a  color  reaction  midway 
between  fltandarilrt  6  and  7  ;  hence,  one  iJfth  of  the  whole  contains 
O.li-'i  nigr.  lead,  and  the  entim  amoimt  contains  3.2o  milligrams.  The 
amuunt  of  water  concentrated  waa  three  liters.  Hence  one  liter  of 
wiiltr  contains  1.08  milligrams,  and  100  cc.,  or  100,000  milligramii 
of  water  c<mtain  0,108  ragr. 

DetecUon  of  Zinc. — One  \*  reasonably  safe  in  lutsnming  ttiat  wat«r 
which  has  boeu  in  contact  witli  galvanized  iron  will  show  the  presence 
of  >inc.  This  ean  be  deUTinincd  ipiantiiativeiy  liy  evaporating  a 
quantity  of  wat«r  to  a  small  bulk,  heating  the  latter  witli  a  euHicietit 
amount  of  dilute  hydrochloric  acid  in  order  to  take  up  any  oxide  or 
carbonate,  and  then  proceeding  to  the  precipitation  u^  the  sntphide 
after  making  alkaline  with  ammonia.  For  ifnnlilalive  purpottea,  a 
volume  of  water  is  made  slightly  alkaline  \\-ith  umiiionin,  boiled  and 
filtered.  The  addition  of  a  few  drops  of  test  Holution  of  polassinm 
ferroeyanidf  to  the  filtrate  will,  in  the  presence  of  Irnces  of  Jiinc,  enn»e 
a  white  precipitate  or  at  least  an  ojiaiewenee,  which,  however,  may 
not  bi-  iliitinct  within  .1  half  hour. 

Det«cUOD  of  Tin. — Although,  ho  far  as  we  know,  tin  in  wat«r  has 
no  Ntnilary  liigtiifieiince,  it  somvtimcM  is  desirable  to  nscennin  its  prc»- 
tnca  in  water  and  in  other  eiibslanceft.  For  rapid  testing  for  tins 
metal,  the  niethij<l  reetmimendt'd  by  C.  Deniges'  may  l>e  employed. 
This  depends  upr>n  the  fiiet  ihiit  stannous  compounds  cause  a  reddish 
violet  color  with  nitrate  of  brucine.  The  bnidne  .^toliition  is  made  by 
di«w>lving  O.fj  gram  of  hnieine  in  it  cc.  of  nitric  acid,  diluting  to  250 
cc  with  distilled  water  and  boiling  for  fifteen  minulett,aud  after  cool- 
ing, making  up  the  volumi'  to  2.00  cc.  ngiiin. 

The  water  is  ev.Tporalcd  to  dryness  with  a  little  hydrochloric  and. 
The  residue  U  di.'eiolved  in  a  very  little  water,  aiul  to  it  is  added  1  cc. 
of  the  brucino  solution.  If  so  little  as  the  twentieth  part  of  a  milli- 
gram of  tin  is  present,  the  oolor  change  will  lie  dislinolly  shown  even 
in  llic  prcM-ncc  of  iron  and  copper. 

Detection  and  Determination  of  Iron.— ThL*  very  common  and 
fivipieutly  tr-jnble.*i'nie  eotisliluent  of  water  is  very  easily  detected  by 
concentrating  a  eufBciont  volume  of  the  sample  to  a  :«mall  bulk,  con- 
verting the  iron  prcHcnl  fwm  the  ferrous  lo  the  ferric  form  by  boiling 
with  a  little  nitric  acid,  and  adding  a  few  drops  of  a  solution  of 
potassium  sulphocyanate,  which  anises  a  deep  red  coloration.  Ity 
newu  of  a  scale  made  with  known  amounts  of  ferric  iron  treated  with 

'  Rvvuv  Internnliunule  iloi  t'lilMiii'iiiiuus,  Vllt.,  p.  93. 
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tbp  Kimi'  voluiiH-  uf  Ust  Holiitiot),  th«  Amount  of  iron  cao  be  quite  »•  j 
curatfly  determined.  A  standard  solution  of  iron  may  lie  made  kf  | 
di«i<»lviii|;;  0.11  gnini  nf  piirD  nieuUic  iron  in  aqua  re^a  and  tiiludngj 
to  a  liter  with  distilled  water;  one  ec.  rcpn-m-nt,-"  O.IH  millignoi 
Tti«  <^»in|Kiri.-M>u  scale  ia  made  by  diluting  pn)gre»*ivi-ly  inereae- 


iron. 


ing  volumes  with  dtslilk-d  water  up  to  nearly   100  ec,  addinc  a  fe*' 
oc  of  a  5-per-oenl.  solution   of  potaasium  snipbocyauuto  nnd  iben 
makini*  up  to  100  t-c.  i 

For  oilier  detenu i nations  of  a  strictly  tecbnio  ebaraetor  ihi-  nadtrt^ 
referred  to  the  miuiy  cxoelU-nt  ti%alisv«  beiiring  on  the  subject. 


Inferences  as  to  Ofaaracter  of  Water  from  the  Results  of  Sani- 
tary Chemical  Analysia. 

It  18  impos»iblc  to  fix  any  alimliiti^  Mandardiii  by  whieh  to  passapnl 
the  potability  of  water  without  reference  to  its  origin,  for  soA*] 
wal«rs  cannot  be  judged  by  the  same  standards  as  ground-waien,aiidi] 
moreover,  those  whicrh  apply  to  waters  of  cither  class  from  one  l«il-j 
ity  may  be  wholly  inapplicable  to  those  from  another.  A  surfi 
water,  for  in^taiioc,  may  without  prejudice  yield  iin  nniount  of  albo-J 
minoid  ammonia  which  would  be  most  suspicious  in  the  ca^i^ofil 
ground -water,  while  the  latter  niny  contain,  under  :<onie  circuiBsanMil 
an  amount  of  free  ammonia  quite  ineonsistent  with  purity  in  the< 
of  the  former.  -Vgain,  an  amount  of  dilorlne  whieh  in  a  u^ter  fran 
near  the  sea  would  bo  normal,  would  indicate  in  another  fn>m  far  in 
land  the  presence  of  sewage  matters. 

Ammonia  may  be  expect^^^  in  some  amount  in  auy  water;   it  (| 
character i Stic  of  decomjtosition  of  organic  nitrogenous  matter  of  ioD 
cent  character  as  well  an  of  sewage,  and  it  may  Ijc  present  in  ooosm 
able  amounts  in  both  normal  and  jwilluted  waters,     FurthennoWi i 
may  be  pn^eiil  in  higher  lunonnts  in  a  wat'.'r  frmu  tin  uncitntamintU 
deep-bored  well  or  in  stored  rain,  than  in   polluted   water  that 
undergone  choiuleal  change.     Albuminoid  iiinuionia  may  \k  yielMi^ 
equal  iuiioutil»  by  a  water  con  tarn inate^l  by  sewage,  and  by  onequiH 
free  from  it,  but  rich  in  diiwolved  vegt-table  matter  derived  from  I 
Ricbnt^.i  in  mineral  matter  may  be  present  equally  in  normal  and  | 
luted  waters.     A  pure  water  may  l>e  rich  in  nitrates,  while  a  se« 
water  may  have  lost  them  by  reduction.     Either  may  be  coloml ' 
oot,  elejir  or  turbid,  and  odorous  or  odorless. 

There  is  one  comttiluenl,  however,  the  presence  of  which  in 
than  measurable  quantity  is  a  tolerably  sure  indication  of  pollalix 
that  is  to  say,  the  nitrites,  but  their  iib^^ence  U  not  a  guaranW* 
purity,  for  in  grossly  jHtlluted  waters  they  may  be  wholly  wanting. 

In  general,  however,  il  may  be  .set  down  as  a  safe  rule,  thai  nio 
and   high   free  ammonia   liig<-(.her   mean   recent    pollution  ;    occu 
oontinnously,  they  inilicate  constant  pollution,  and  with  chlorine 
above  the  local  normal,  ordinary  sewage  ctmtn  mi  nation.     High 
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mnnias  with  nitrites,  bnt  vrith  tin  mnrkcil  inoren.s«  in  ctilorine,  may  in- 
dicate oontAminiilion  by  mHttcrs  from  mnniiroci  funninf;  land. 

The  ppsiilta  obtain^^d  in  the  chemical  analysis  of  a  specimen  of  water 
•re  rtOcn  c|iiiii>  «ti(1icit;nl  for  tin-  foriniition  of  nn  opinion  nf  its  suit- 
ability or  unlitDees  for  general  dnmestic  pnqm-ies,  but  mure  often  a 
kiiowlt'df^  of  the  murcn  and  the  Miirniumlini^it  thtTiijf  In  ni-cessiiry  for 
their  intelligent  interpretation.  They  maybe  such  as  to  indicate  that, 
whatever  its  source,  the  water  wliirh  yii-ldwl  them  'lit  very  good  or 
dnttinetly  bud,  but,  on  the  other  hiind,  thcr  may  be  such  timt  full  knowl- 
edge of  all  the  faota  is  imperatively  new.-ssary  fur  the  formation  of 
a  wtrnret  jmlgmcnt,  A  wntcr  yielding  the  following  rcewltn,  for  in- 
Blanoe,  may  be  nnhesilatingly  pronounced  to  be  of  undoubted  purity 
•o  fnr  B.«  eheniiitlry  can  determine,  'piite  irrt-spt'ctivc  of  sourw. 

The  figures  cxpre«  parts  per  lOO.niH). 

Fr««ninmonin... 0.0002 

Albnminnid  ammonia 0.001$ 

NUrofrtrn  an  nllntoa , 0.0240         , 

HitrnEcn  a*  niirites. » 0.0000 

ChUinnc. 0.07 

Volatile  reaidus..... •...■ • ....- 1.2i) 

Fixnj  muluc_ u _ L60 

Total  n-iiiliio... , , „..„ 1.86 

IlnnlntHW. „„, 1.00 

Apppnrruice,  el<*r  nnd  bright. 

Cnlfir,  aliH'til. 

O'lor,  alivnit. 

Chnugci  oUprvnl  on  Igniilon  nf  roii'liic  ;  no  lilnokcning. 

In  this  case  the  Bgtires  indicate  almost  total  absence  of  organic  mat- 
ten  and  but  slight  amounts  of  minernl  cnnftitnentA.  There  is  no  sug- 
gestion of  contaminntion  of  any  kind,  and  the  only  concUmiiin  that  can 
be  drawn  is  that  the  water  is  pure  and  soft  and  suitable  for  all  domestic 
purposes. 

On  the  other  hand,  the  following  results  may  in  the  same  way  he 
Mifficient  for  un'iiuilifitHl  oondemniition. 

Pr»e  imnionin _ 0.4Tr>0 

Albiuiiinoid  ammonin. • O.0GS6 

NUrogDD  M  nitnua. 4.600 

NUnxKn  m  tiiuilet. 0.0&4 

Clilorine. „ 4.27 

VnUiUaraddue _ 11.10 

Fixtd  rrridw -SS-SO 

Total  nmdiie S4.40 

]Ianln« „ 14.00 

A|ipc«nino«^  cbar  and  bright. 
CdUir,  stMcuL 
Odor,  foul  after  bcnting. 
.    ChanCM  on  iKnllion  of  nsidne  ;  Ali(,'1it  lilnckcnlnic- 

Thne  results,  which  are  actual  ones  ohtfiinod  from  a  specimen  sent 

to  the  author  with  a  simple  rerjuest  for  an  analysis,  but  with  no  slate- 

'nicnt  of  origin,  warranleii  a  it[)ort  of  gross  pollution,  rep^rdlose  of 

souroe,  for  the  presence  of  sewage  matters  was  most  undeniable,  and 

under  no  circiim:Manc'ei  of  gcogruj>hiiiil  location  enidd  any  other  report 
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be  mitili.-.  In<juiry  concerning  th«  origin  of  the  water  broi^t  the  in- 
(briDatiun  that  tlie  well  frum  vrhirh  U  came  was  locattnl  at  no  f^nalfw- 
tanoc  from  u  levelling  tv^iispnnl  and  wns  nnly  tisetl  vthen  the  nsinl  eomtt 
of  Bu|)ply,  a  epring,  ran  tlry.  I{f|K-utr«l  :ittackt;  uf  illncA,  of  no  gMl 
Mrioii'1114'Sft  a»  lo  re-nittH,  bad  Ix-fn  notii^d  wbenever,  daring  the  {Mtj 
two  or  thrw  years,  this  water  had  bct-n  iiseti. 

These  two  may  serve  as  good  examples  of  undoubted  purity  inJ  tt- 
tensive  polltitioii.  Both  arc  grotmd-wnlent,  anil  what  isi  wx  wiibcnl 
interest,  they  came  from  one  and  tlie  same  small  inland  town. 

Siivli  rriHiilis  a.s  the  alwvc  rii|tiirf  no  lotig  ivmnidcration  ;  they  fpnk 
for  tbenjfielves.     But  it  very  commooly  happcm;  that  even  a  »ingle  !»• 
gredi«iit  may  mufte  8Uii[HCion  of  KWage  polliition  tu  arii»e  wlieo  JiifeNj 
mation  as  to  the  location  of  the  supply  is  withheld.     Thns,  the  i 
of  i:hlorine  luay  he  very  considerably  higher  tlian  the  lowest 
commonly  observed  inland,  hih]  yet   well   umler  the  amount  whidij 
excitt-s  no  adverse  comment  in  a  water  from  tlie  ooasL     Thus,  X^i 
parts  in  a  well  water  from  an  island  in  Boston  Httriwr  ami  1.3^  loj 
another  from  the  borders  of  Long  Islaud  8o4itid   may  be  repuiW  i 
fairly  low,  while  if  liiund  in  spring*  in  (he  ( ini-n  Moiiiitnin  niige  tlMff  I 
would  be  most  abnormally  high  and  of  much  significance. 

Again,  tiuch  an  amount  might  oonic  in  ci.>nn<H^tiou  with  ^irylw 
of  the  ammoniac,  and  then  under  one  class  of  cooditioiis  the  otpttH 
matter  would  appear  to  be  of  vegcl^le  origin  a»d  in  another  to  be  I 
part  of  Kewsgc, 

It  is  al.4.>  impossible  to  draw  sharp  dinding  lines  between  en 
ouusidcnibie  and  high  nmounts  of  the  anmioiiia«,  but  in  general  tfnaj 
it  may  be  stated  that  up  to  0,005  or  0.lX«>  part  per  IW.OlX)  mtf] 
H'gardcd  ax  low,  from  ther(ralK>ut»  lo  t).0!-'>  or  0j)2fl  m  eoiisiderih 
and  beyond  ns  high.     Measurable  amounts  of  nitrites  are  most  i<i^ 
cant,  while  niirates  may  run  up  to  several  whole  jairts  jx-r  IW,00(JJ 
Thn»,  it  may  be  readily  underatoo<l  that  in  the  umjority  of  casw  tbf  ( 
suits  must  be  considered  in  conjunction  with  all  material  favu  conae 
with  source,  surround ing«,  and  op[>ortunity  for  receiving  polhition. 


Bacteriological  Examination  of  Wat«r. 

The  bacteriolojfical   nnalvMs  of  water  may  be  divided  iutoqu 
tative  and   i|iialii.-itivi;  detcrmi nation;.     The   former  is  commonly  I 
tended  over  loni;  periods  of  time  and  has  for  its  objwrt  tlw  iliUrmm 
Hon  of  the  noriual   baeterial  content  of  u  given  water  supply  amil 
observance  of  any  uinuual  variation  therefrom,  while  the  latter  is] 
Mued  for  the  purpose  of  determining  the  nature  of  tl»e  organisms  i 
more  particularly,  whether  they  are  such  as  are  to  l»e  found  in 
excreta  of  tlie  twily.     The  finding  nf  !*uch  dw-s  not  mean  ne 
that  the  use  of  the  water  will   inevitably  produce  diseane,  hut  itb 
oale»  the  possibility  and  probability  that  water  containing  non-ptttfa 
penic  organtems   from  this  souroe  may,  if  not  to-day,  to-morrow 
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later  lie  inf)<ctcd  with  others  from  Uic  same  traiiroc,  capable  of  acting 
as  ihv  fxnting  cause  of  grave  dienster. 

As  is  ilie  ca-*e  witli  clxminil  niiiiljiii»,  it  i»  im|io»*il>lo  lo  fix  any 
stuiulunl  of  oal'm-  based  on  tlie  mere  amount  expressed  hy  the  quau- 
titative  rosulbt,  itiuce  ll  U  tlie  ^alu^(^  unci  not  llic  unmuiit  of  llic  oc>n- 
tarutiiuting  mutters  \rtiic)i  tletfrmiiie  tlie  quvsiion  of  potability.  But 
suilden  deviationei  from  the  tienHonal  normiil  i<ii);^-itt  iiniiHual  urces^  of 
ooiiiaminnlion  ami  serve  ns  warninfrs  of  possible  danf^er. 

The  isolatiou  and  nyst*malie  sludy  of  the  varionn  x|H!cicH  of  lincteria 
ill  a  given  vmter  to  determine  whctbtT  or  not  they  may  be  pulho)^'nio 
in%'olves  much  labor  and  an  intimate  knowledge  of  bacteriological 
techiiic  which  win  Iw  ai-ijiiireil  only  by  tliorongh  training  in  n  Imo 
teriologital  laborntoiT.  Familiarity  with  the  methods  of  preparing 
eultiirf-  mi^dia  tin<t  iniikin):  ei)ltiin<!i,  of  ivitl.ntiiii!  v^iu'ele^  nnil  studying 
their  charaeterislie^  is,  therefore,  a  neeeesary  qunlitieatioti  for  the  pur- 
•uit  of  baoleriolo^ienl  cxiiniination  of  water,  and  anything  mon-  lliaii  a 
briftf  outline  of  i-peeial  methods  employed  in  this  partieuhtr  ficlil  of  re- 
seareh  ivmiM  \\f  •\iuU-  beyond  the  seiqM-  of  a  work  of  thin  oharaeter. 

CoUection  of  Samples. — In  tnkingsimplca,  itis-of  courae,  neoefwnry 
to  olwerve  the  mo^t  ngi<i  precautions  against  the  introduction  of  ex- 
tmniwaH  orgonismit.  All  vtraaels  must,  therefore,  be  absmlntely  clean 
and  steiile.  Collection  may  be  made  either  in  small  bulb  tubeii,  drantl 
out  into  n  ]H>inl  iind  Ki-nled  by  elo.snrc  in  llic  lump  flnnie,  or  in  sintdl 
bottles  of  about  ^'lO-cc.  capacity  with  ground  sl'ippcrs.  The  bulbs  are 
very  easily  made  by  anylMidy  who  has  bad  ordiimry  experience  in 
qualitative  analysis.  Ry  the  ap]ilieution  of  the  heal  of  the  lump  im- 
meclialely  before  sealing,  or  by  vaporizing  a  drop  of  contained  water 
by  the  anme  means  anil  sealing  ju»t  iw  the  ln.-st  of  the  -iteani  i*  c«eiiping, 
they  will  contain  but  little  air,  anil  when  nsed  are  easily  tilled  through 
tite  influence  of  thi-  partial  vaemun. 

In  taking  the  sample,  the   point   is  introduced   below  the  surface  of 
the  water  and  then  broken  off  with  sterile  foreepn.     The  bulb  is  partly 
^Jilled   almost   immediately,  and   then   the  bntken  point  is  tifiaui  sealed 

before  hy  the  application  of  heat  fiiini  a  gas  llame  or  aieohol  lamp. 
If  bottiM  are  used,  ihey  should  fir^t  Ik-  wiiahed  on  the  outside  in  the 
water  to  be  sampled,  tlien  plunged  beneath  the  surface.  The  sloppera 
ar»  then  withdrawn  and  wlicn  filling  in  eoinplcled,  they  are  re]tlriced. 

If  anv  considerable  time  must  eliipse  before  the  cnllures  can  be  made, 
tlic  siin)ple->  :<boidd  lie  jxickiil  in  iee  in  order  tu  relani  the  multiplicn- 
tioD  of  the  contained  bacteria  ;  and  since  very  low  temperatures  have 
DO  tiarmfnl  inHiieni^e  on  the  life  of  the  organ i.tm.i,  the  addition  of  a 
small  amount  of  salt  to  the  iee  niny  be  of  advantage,  though  freezing 
inuitt  not  be  permitted,  on  account  of  the  danger  of  bursting  the  oon- 
taiiicre. 

Planting  the  Samples. — If  possible,  the  planting  should  he  accom- 
plished on  the  Mpot,  on  aeeoiuil  of  the  nmltipliaition  wliieh  \^  inevitable 
'with  delay.     If  this  is  not  possible,  no  greater  delay  should  be  per- 
mitted than  is  aljtwdntelv  neoessan-. 
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For  qualitative  deterroinationa,  iwo  »eU  of  plates  Bbnold  be  nttdt; , 
on«  ou  gelatin  to  be  kc-pt  at  18-22^  C,  and  one  on  iif'ur-t^iM'loir 
iuotilmtixl  at  .17-38**  C.  When  working  oii  a  water  of  onknon 
oiiiii:i(-U-r  liillicrto  iiti«xaniiiic<],  ilifTvrenl  Hiii<>iinlt<  of  the  sample,  I,i 
3  and  more  drops,  aliould  be  used,  since  one  can  have  no  definite  [da 
of  its  baot^rial  ri^hncw*. 

Id  tjuaiititati  vv  work,  the  amounts  taken  must  bo  mensuml  withcbc 
greatest  accuracy,  especially  wh«n  pn-liminary  deti>rniiiialioiis  \an 
shown  such  n  iiiiinbcr  of  orj^nii-m«  ns  to  mako  preat  dihitioii  with 
sterile  water  necessary,  for  any  deparliin?  from  aJisolnte  accuracv  io- 
trocliiccs  an  error  which  vni\  be  multiplied  according  to  the  degree  of  J 
dilution. 

Wlien  hiilb  luhcH  iin>  u^^ed,  tlicir  contents  are  expelled  witli  theu^j 
of  gentle  heat,  which  caufies  the  small  amount  of  contained  nir  U  n- 
pand  and  force  tlie  li<)iiid  tJimugU  the  Mem,  which  in  hmkL-Datlbel 
point  by  pressure  from  sterile  forceps.  The  expelled  \valer  is  rcwv 
in  a  sterile  tube  from  which  it  can  he  withdrawn  in  a  sterile  \  ~  '" 
pipctlc. 

Quantitative  Determination. — The  value  of  quantitative  dcte 
nations  lii«  in  the  com]«iri»on»  which  one  is  enabled  (o  make  ftoail 
scries  of  periodical  examinations  of  the  same  water,  for  the  infonitttJM| 
to  he  dorivod  from  a  Hin);te  examination  lia8  ver}'  limited  utility, 
means  of  periodical  counts,  one  ts  cnitbled  to  form  nn  idea  of  tliecoD-1 
dilions  normally  [inaent  under  diffi-r^nt  circuni.-<lance;*  and  to  not*«lJ 
once  any  disturbing  influence.  Quantitative  dclerminationit  tn 
special  value  in  watching  the  efficiency  of  sand  filtration  of  public  Mp*] 
[jies. 

Kaowin);  from  preliminary  teats  or  from  past  experience  how  i 
water  shonM  be  t.-ikon  for  cJU-h   plate  or  n)ll  and  the  d^^jn-e  of  dito 
tion  necessary,  two  set«  are  made,  one  on  gelatin  and  one  on 
ajrar,  and  the  fp-owthn  allowed   to  tlevelop.     Gelatin  ctdtnreK  are ! 
at  la-aa"  C;  the  others  arc  incubated  at  37-38*  C, 

The  lower  of  th&se  two  ranges  of  temjwrature  is  much  more  fav 
able  to  the  multipliciiliou  of  ordinary  water  bacteria  tluin  the  Iiig 
and  consequently  it  will  be  found  that  ilie  colonies  developing  on  ! 
gelatin  will  be  decidedly  more  numerous  than  those  on   the  ofpw-i 
In  expressing  results,  therefore,  mention  should  be  made  of  the 
ture-nicdinm  i-niployed,  and  in  iiiakin;;  wmpnrisons  of  one  day'sr«uB 
with  those  of  nnothcr,  the  imjM>rt!iucG  of  limiting  them  to  fipirM' 
Iflined  under  like  conditions  of  culture-medium  and  tem|>erature  is  i 
obviou«  U>  need  i'urthcr  mention. 

Tlie  counting  of  the  colonies  should  he  onderfaken  always  at 
expirattiin  of  lixed  intervals  of  time,  »inoe  more  and  more  develop  fn 
day  to  day.  parlicuhirly  on 'Hgnr-agar.  For  assljitancc  in  eouuling,  • 
may  employ  the  well-known  WollFhiigel  ap|>aratus  or  one  of  the 
eral  modiriciitiims  thereof  or,  what  is  even  more  simple,  may  have' 
bottoms  of  Petri  dishes  or  under  surfaces  of  the  ordinary  gUiw  pbU 
wj        Hit  art:  tised,  ruled  off  in  square  centimeters  by  means  of  a ' 
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ing  diiimoiid.  TIk>  i-ntirc  iimnbor  of  colonion  on  lti«  |>lAt«  muy  be 
ODUDt«d,  or  thoae  falling  mtbin  a  certain  Dumber  of  Bqaaree  may  be 
ftvemged  nml  the  n>^i>lt  multiplied  hy  the  whole  number  tif  .spactit 
covi-rwt  by  tlie  fulturc-niedium. 

Drs.  W.  He.!*--"*' aud  Xiidiur '  havo  propa^cd  a  nit>t1io<l  tor  t{iiantila- 
tive  di-tumiinutiuDFi  whiHi  doi'E  uw:iy  witli  the  use  of  nulnent  gelntin 
and  all  the  attendant  disadvantage  due  to  liqaefying  bacteria.  Th^r 
mo»t  ini|iortuut  reconimviKlutionv  nrv  iw  follows : 

The  amount  of  water  planted  ]>er  plate  should  be  such  as  will  pro- 
duce »o  mort;  c>li>ni<',«  tlmn  mu  be  easily  and  inrurately  «ciiiiit(xl ;  tliut  in 
to  ear,  not  more  than  a  hundred.  At  least  6ve  platce  should  be  pre- 
pared, imd  if  tbcM  yield  results  fnirly  in  agn-emenl,  their  aventgc 
shonld  be  taken  ;  but  if  any  plate  gives  fif^urett  more  than  100  jier 
oent.  removed  from  the  mean,  it  .thould  be  diptcarded.  The^e  i>hould 
be  kept  »t  room  temperature  nud  in  the  dnrk  as  lon^  a»  new  colonies 
develop,  tliat  it>,  for  2S  weeks,  at  tlie  end  of  which  time  one  may  make 
OOUDto  wbich  will  huve  some  chiini  to  nccnmcy.  On  noconnt  of  the 
evaporation  that  oiwurs  during  this  time,  it  is  neoeasary  to  use  for  each 
plate  ut  leu.st  10  cc.  of  culture- medium.  The  murt  muitable  lueclium  it) 
made  with  1.2o  agar-agar,  (l.7o  albumoee,  and  !I8  dislilled  water. 

Gelatin  ^liould  be  abnnduucd  un  iiceouiit  of  the  ra[)idity  with  which 
the  plates  made  with  it  become  useless  on  account  uf  the  liquefying 
colonies  whiirh  oiKitriiet  riorae  growths  nud  dissolve  and  wash  others 
sway.  The  medium  above  described  possesses  the  ndvuntnpie  ttiflt  it 
nee<Is  no  addition  of  neid  or  alkali. 

Qnalitative  DeterminatioD. — The  chief  intfrcBt  in  i|ualiuitivc  ex- 
amination of  drinking  water  lies  in  the  .solution  of  the  question  whether 
or  not  intestinal  bncU-riu  are  present.  Plates  may  Ite  pn-pan-d  and 
preser^'ed  in  the  same  manner  he  for  quantitative  work,  except  that  the 
amount  of  water  ]i1nut>'d  need^u  no  aeeurate  mcitHuremeut,  but  on  ac- 
count of  the  usual  great  preponderance  o£  the  eommuu  harmle»( 
vaneties  of  bacteria,  it  is  rarely  tlie  ca.se  that  one  can  isolate  the 
ens   without   recourse    to   s[)ecial    methods   wliich   favor  (licj'r 

swth  and  at  tlie  same  time  kill  off  the  otiier.s.  One  such  method 
oonaisti;  iu  iuculmtiufr  the  sample  with  liouillou  for  3(1-48  huun*  at 
37-38*"  and  then  preparing  plates  in  the  usual  wav.  The  common 
nMOteria  are  in  this  way  subjected  to  couditiomt  uuhivonible  to  their 
growth  and  vitality,  wtiile  multiplication  of  the  pathogens  is  pi-omuted. 
Another  mi'lli"ii,depeti<liu(x  upon  tlie  resistance  of  the  lyplioid  orj:anisra 
and  the  Baeill'in  rofl-  rtimmKitix  to  the  action  of  dilute  carbolic  and 
hydrochloric  acicbi  and  the  jiowerful  influence  of  these  agents  on  the 
common  water  bacteria,  consists  in  ineubutiiig  a  few  drops  of  the 
sample  in  10  cc,  of  bouillon  containing  a  few  drops  of  a  solution  of  5 
parts  of  phenol  and  4  of  hyilrochloric  in  100  of  distilled  water.  The 
bouillon  is  first  ineulmted  with  the  tatter  addition  for  24  hours  at 
37"  C,  and  then  reeeives  the  sample. 

^Vfler  further  incubation  for  24  hours  or  longer,  plates  arc  made  in 

■  Ki-ilsfhrifl  fur  Hygiene  un<l  Inr>.-ctii>nj>kninkhrili:ii,  XX l\.,  p.  f&l. 
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th(>  itfioal  W3V  and  the  reauhing  growths  syslematicallr  ntwlifd.  SdD 
xnolhcr  procovs  is  that  of  rrr>lc«&or  Theobald  Smith,'  wbo  rroummttdl 
ihe  addition  of  a  few  drop§  of  thfi  water  to  bouillon  containing  2  je 
cent,  of  uliicow  ami  iiiciiliiitiiig  in  fcraicntiition  tiilx-s  at  37-38°  C.ftt 
:)B~48  houn,  at  the  end  of  whieh  time,  if  gas"  has  nccunmlated  in  tbe 
vihI  of  tli«  m\jk»,  plati>«  arv  ptvparvd  in  the  iit>tuil  way.  By  tlilf  [>KCr- 
ess  it  is  possible  lo  secure  pure  cultures  of  the  intestinal  bacteria. 

For  the  d<^tw(ion  of  the  cholera  orj.iiiiisni,  Kooh  nn'ouintend*  incu- 
bating lOO  cc.  of  the  suspvcteJ  Wiitcr  with   1  gram  each  of  sodiuo 
ohloride  and  peptone  at  37°  C  and  pn-paring  therefrom  at  inl^Trdtaf 
10-20  hours  agnr-agur  plntes,  frvm  which,  if  eoloniee  develop,  odxt  I 
plantinga  can  Ite  made  for  sviitemntic  investigation. 

For  the  delwlion  of  the  cholera  orpanisin  in  small  nnmb«rs  in  UkI 
presence  of  water  bacteria,  Dr.  Arena "  has  found  caustic  potisli  ofl 
^  aK«islun<x-,  nod  ri-eom mends  inetibating  175  ce.  of  water  with  'i-'i  ec.  rfi 
pancreas  Iwuillou  coutaiuing  from  0,10  to  0,1  B  gram  of  the  alkali,  bjf 
nicAoft  of  wiiieh  the  growtli  of  tJio  or^ni#m  is  fuvorcd.  Dr.  .Aufmht,*] 
working  on  similar  lines,  fonnd  that  the  development  of  the  oiganiiail 
fiivore<l  by  gelatin  oonlaining  I  per  vkm,  of  eimvtio  ;<oda. 


Comparative  Value  of  Chemical  and  Bacteriological  Analyni  of] 

Drinking  Wat«r. 

A«  the  science  of  bacteriologj'  U-gan  to  devctoji  and  take  the  f»- 
tion  to  which  its  importance  gave  it  a  title,  its  disciples  eoncciii-ed  <| 
strong  pr<'jiulic'-  ngniu^t  and  ooittenipt  for  any  ojnniuti  as  to  the  poU-l 
bility  of  a  particuhir  water  bused  upon  chemical  analysis,  maint.tiiiiDgiJ 
quite  (Mrrt^etly,  tliat  minute  amounts  of  ammonia,  albuminoid  an-l 
□lonra,  and  I'lilurinc  are  quite  incapable  of  iicling  as  the  cxcilini;  caiu 
of  infective  disease,  and  that  not  these  substanots,  but  only  .ij)epific  i 
gouimm.s  not  dciiKuislniliU'  by  oliemical  procrL-swi*,  «m  w>  act. 

It  must  be  CO  Deeded  that  for  a  time  prior  lo  the  discovery  of  1 
nature  of  the  infeetive  u^-ntjt  the  imjK)rtanee  of  the  n^ult*  of 
ienl  anulysis  was  grossly  exaggeratetl,  and  that  arbitrary'  sinndanle,  i 
as  were  establishc^l  by  the   Itivers   I'oUution   Commi»»ioneTs, 
which  eoiielii!<ioii»  were  bu^^eil,  have,  in  the  light  of  further  expirifao 
been  nhanduned  as  absur<l  and   uiiirustworttiy.     Rut  it  raust  also' 
conceded,  even  by  tliow?  who  wen*  most  eamttie  in  their  criticism,  i 
eheniiKlry  in  to-day  equal  if  not  superior  to  bacteriology  in  indicaiiii| 
possible  danger  from  the  use  of  water  exposed  to  eoDtamimitingin'^ 
nuences. 

In  the  earlier  days,  much  capital  wnjt  made  by  bacteriologi»tii  oft 
fact  that  a  sample  of  water,  ino<;ulated  with  a  culture  of  the  l>aclllai( 
typhoid  fever,  wa.-<  n'jiorl«l  by  a  chemist  of  high  standing  as  of  a  lug 
degree  of  purity  and  eminently  suitable  for  domestic  purjioses. 

'  Amrrlc^a  Jouninl  of  t)ic  .Medical  8clm<'(»,  S»i«.,  ISOSl 
•  Miitii-ljciivr  uinliijniiichr'  WucliwnMilirift.  MaivD  J,  J883, 
*C«iitnilbl«u  (fir  liaktvrinloKie  und  I'ttnuilcnkiindv,  Mmrdi  23,  I89S, 
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hteet,  however,  is  unvrorlliy  of  the  t^lightcfit  coneulcratlon,  since  under 

tarul  ciiiiilUioiii'  n  water  showing  »  liigli  df^-i'  uf  clii'iiiiral  p«irity 
19  not  likely  to  he  infected  with  u  pure  culture  of  a  puthoj^nic  organ- 
ism, and  the  !tu)>mUriioti  nf  a  jtiire  \vntcr  8n  trt'»ted  is  a  mere  trap,  the 
setting  (if  which  is  no  more  pruiscuorthy  thiin  would  he  llie  sending 
of  a  sicrite  Aiihition  of  cymude  of  pntaj^tiuni  or  of  sulphate  of  stiych- 
oine  to  a  liAc-teriolnp^t  with  n  reijufst  for  iin  opinion  from  the  HtJiiid- 
point  of  hifl  specialty  as,  to  its  desirability  as  a  leverage. 

CluMnicttl  luifdysi,"  eiiu  *hr»w  thv  prewrnoc  of  orginiic  nnd  miiiornl  im- 
purity siieh  ns  accompanies  infection^  matters  from  the  intestine  and 
blad<ler.  It  cnniml  ^ivi-  ^'niun<l:<  for  n  ]KK<ttivc  iiKXerliiHi  timt  the  U8e 
of  a  water  thus  polhiti'd  will  inevitably  ainse  disease,  but  it  (vn  and 
doc*  terve  to  point  out  possibk'  danger.  It  can  detect  the  |>reiif«n<.«  of 
tetngt!  matters,  and  while  it  eiinnut  prove  tlie  presence  of  infectioua 
BHterial  therein,  it  can  at  least  |>oint  out  that  tlie  occurrence  of  typhoid 
fever  in  the  oomtnunity  fiirnisliiii);  the  sewnpc  \e  likely  to  Iw  followi-d 
by  otiier  cases  of  the  disease  in  the  community  which  uses  the  polluted 
iratcr.  It  CJinnot  distinguish  lyphi>i<i  pollution  from  any  other  excre- 
mental  contamination,  since  a  healthy  body  yielda  the  same  chemical 
8ub))tancc4  an  one  that  h  di»rai>>.'d.  In  the  tiuc  of  waters  cunlninlng 
no  evidence  of  contamination,  it  cun  supply  the  basis  of  an  opinion  as 
to  safely,  but  it  cannot  furnish  any  guaranty  that  thr  ttoudition  in  |)vr- 
manent. 

Bacteriological  aitaty»is  iliSerentiates  hetween  pathogi-nic  and  non- 
pkthogcnio  contn  mi  nation,  but  it  is  only  rurely  th.it  it  serves  to  point 
out  danger  in  advance.  Even  when  an  outbreak  of  typhoid  fever  has 
occurred  and  attention  in  thereby  drawn  to  the  (H)ndttii>u  of  the  water 
supply,  the  results  of  bacteriological  examination  are  generally  negative. 
T1>e  reiUMiu  for  thin  in  Iwo-fohl.  In  the  i'mt  place,  (ho  exiuninulion  for 
the  detection  of  the  speciGc  orgaui<>m  is  not  onlinarily  begun  until  at- 
tention is  drawn  to  its  nec«swty  by  an  outbreak  of  the  dirtcnic,  whioh 
docs  not  appear  until  about  two  wwks  from  the  time  conlaminatioo 
has  occurred.  Unless  the  contamination  is  continuous,  by  the  time  the 
exuuinntion  i»  instituted,  the  pulluting  nuttirriiils  have  either  passcil  oti 
or  the  specific  oiganisms  have  jjcrishotl.  In  the  .-tecoud  plai'o,  even 
though  tht-y  are  preM-nt,  with  our  present  UH-thiHlt)  it  x»  not  an  easy 
matter  to  isolate  thooi,  and  we  can  only  determine  in  most  cases  the 
probability  of  their  presence. 

It  must  be  borne  in  mind  thiit  the  oi-gantsms  arc  particulate  Ivodies 
in  suspension  in  gii^il  dilution  and  that  their  dUtributiou  ix  not  Ixuuo- 
gem-iius  as  iu  the  case  with  sulmtaiRvs  in  solution,  and,  therefore,  the 
amount  of  water  taken  for  planting  plates  may  not  contain  them.  But 
in  llic  unTincccwfful  sfarch,  it  is  not  uneomniou  to  fiml  the  BacUdia  eoli 
eommunu,  and  where  this  organism  lurks,  the  other  may  have  been 
present . 

As  a  rule,  bneteriologicjd  search  for  the  tyi>hoi<l  bacillus  has  given 
negative  results,  Laiva  and  Andrews  failed  to  find  it  in  the  sewage  of 
I»ndon,  although  it  mimt  htivc  been  protent,  imd  iind  but  slight  sac- 
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cens  in  the  cxnniiiiiitioii  of  «'w:4je  from  «  hospital  when-  forty  ««i 
the  disease  were   being  treated.     The  reason   for  this   mar  be 
through  alwwiiw  nf  stiitablfi  food  inalorial  and  favorable  tcfupcn 
and  by  reason  of  the  antagonUliv  iiifluenee  of  the  ordinary  m« 
bactorin  they  had  \qm  their  vitality,  or  it  may  he.  that  they  were  n] 
diluted  that  the  volunice  u»od  for  plntilioK  failed,  att  a  rule,  b>< 
tliein.     Kxaniiiiation  of  the  water  nii]>|H)A(-(t  to  be  ooncemed  ut  Oie  i 
uftial  outbreak  ut  Muiilslouc  yiHdod  iibtwlutvly  ucj^alivc  rrsiill^i 
though  no  reasonable  donbt  can  ejtiat  that  at  some  time  tliey  bad  I 
|)nwiil, 

Pnifcssor  Percy  Frankland,  who,  as  is  well  known,  has  had  ilnr] 
(■x{M!rieii<-«  ill  deHliiig  with  mji^ro-organioiiia  >n  air  hikI  w-atcr,  nji :^ 
"  The  detection  of  specific  pathogenic  bacteria  in  drinking  water  a  i 
known  to  be  aim  ottt  beyond  the  range  of  practical  polilii^,  and  the! 
for  siic'Ii  bacteria  is,  in  peneral,  only  curried  on  in  deference  to  lliei 
cial  reqiiertl  of  the  layman,  the  uninitiated,  or  the  hopi-lwi^y  ^ 
whilst  it  cannot  be  repeated  uflvn  cnoufi^h  that  any  fix-ling  of 
which  may  be  gathered  from  an  uusiicoesafiil  search  for  patt 
bsct^'ria  i»  wholly  ilhi.^^ry  and  in  the  highcul  depn>«  dangeKiu.t.  *  ' 
By  far  tJie  most  im[H»rtant  service  which  has  been  rendered  by  bacU 
ology  in  llie  mi«ns  which  it  nfTords  of  controlling  tJie  <-tKt-ii'iicy  of  ftlj 
tration  and  other  purification  processes.     The  slightest   irregtilarily  ( 
defect  in  the  process  of  filtration  in  at  once  laid  bare.     Kactcriologia 
purity  of  well  waters  c«u  also  be  sutisfaoturily  controlled." 

A  positive  result,  said  to  l>e  the  first  instance  in  which  the  orgaois 
iiwlatcd  rcspondwl  to  every  lest,  including  grvwth  on  gt-Iutin,  jwtiK 
litmus  milk,  bouillon  and  glucose  bouillon,  a^lutination  and  Pfeiffn 
teat  witli  nnimaU,  is  recorded  hy  Dn.  Kfibler  and  Nciifeld,' 

In  this  case,  the  cause  of  the  disease  lay  in  the  use  of  water  fix 
well  infected  by  the  urine  of  a  [lerson  sick   with  the  di.«eaM'-    Fo 
weeks  from  the  time  of  the  fir^t  examination   when  the  Imcillui' 
isolated,  a  second  .analysis  was  made,  which  jHelded  bacilli  which  i 
Mpondcil  to  all  the  tests  excepting  Pfciffcr's,  which  exception  was  i 
posedly  due  to  modified  virulence. 

As  a  mailer  of  fact,  Uien,  from  what  haii  gone  before,  it  vuj  i 
said  that  neither  ebemicnl  nor  bacteriological  analysis  is  lulallit 
Each  has  its  uses,  and  each  may  be  heljied  by  the  other.  The 
of  cither  lies  in  the  skill  displuyed  in  interpreting  the  results,  sihII 
requires  quite  as  much  knowledge  as  the  making  of  the  examinalii 
itself. 
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IIAIJITATIONS,   SCHOOI-S,   ETC. 


Section  1.     GENERAL  CONSIDERATIONS. 

It  is  es^Dtial  to  licnlth  thai  the  houfice  in  which  we  dwell  hIiuII 
W  huili  u|Mtii  (imiH'r  siu-«,  free  I'rom  <Iiim|iii<'ss  and  organic  jMiMiitiori ; 
they  should  lie  providc<l  with  udc<|iiiite  nicniis  t'ln-  iicutiiig,  vt'tililnting, 
umI  liglitiiig ;  tliey  alumid  he  well  .^u|ipliotl  wiih  water  for  general 
domestic  ptirpuei'H  uiii)  [>r(>vi(U'<1  wtlh  n  pmixT  system  uf  pliiitibiug 
for  the   removal  of  sewage;  they  should   be  coustructed  with  prnjier 

£rccuulioii?i  u^iinKl  diimpm'»'t  from  without  or  ht-low.      llfni'my,  n-nti- 
ifioR,  lii/htinff,  and  ptumfiim/  are  considered  below  under  their  wv- 

•nl  tuodiDgs. 

Aspoot. — ft  is  commonly  directed  that  habitations  should  be  placed 
an  OA  ta  face  tlie  south,  hut  unfortunately  one  in  not  alway.t  in  a  |ioiti- 
tioB  to  be  ovcr-piirlicntar  in  the  ntnttcr  of  points  of  tlif  compass,  aiid> 
indeed,  thoi*  seems  to  be  no  parlicuhirly  good  reason  why  that  jiide  of 
the  house  in  which  is  iociitiHl  the  ninin  cntriinn^  «honkl  face  south  and 
the  olhera  respectively  nortli,  east  and  west.  The  southerly  side  of  a 
hill  IB  very  much  t«>  be  preierred  to  the  northerly  beeanw  of  the 
^^ater  amount  of  sunlight  and  of  protectioti  against  the  cold  winds 
from  the  north,  hut  in  a  plain  and  elsewhere,  whlcJK'Vcr  wull  of  the 
bouse  fa««s  south,  ttiere  must  be,  if  the  structure  bo  rectangular,  one 
to  the  north.  Far  Itetter  is  a  Incation  with  the  corners  of  the  iiousc 
pointing  north  and  south,  for  in  that  cu»c  every  window  must  receive 
Home  direct  sunlight  at  some  [larl  of  the  day,  whereas  with  side-tt  fac- 
ing directly  mirth  mid  eonlh,  the  windows  of  the  former  receive  no 
diKOt  sunlight  and  the  rooms  are  dull  and  cheerless.  In  large  cities, 
lupect  is  rommouly  a  minor  considernliou,  the  desirability  of  u  house 
being  determined  mainly  by  other  circunistanct^s. 

In  general,  it  may  be  ^id  that,  when  possible,  a  houM'  should  be  so 
situated  as  to  ini'iirc  an  abundance  of  light  and  air  with  protection 
against  the  cold  winds  of  winter, 

Oonstmctioii  and  Arrangement. — Consideration  of  building  ma- 
terial.t  and  the  details  of  nrnmgement  of  rooms  and  division  of  floor- 
space  are  Ix-youd  the  i*wipc  of  u  wi)rk  of  tlii<  nalurc.  ami  it  is  necessary 
only  to  call  attention  to  the  importance  of  eusuring  dryness,  light,  and 
air,  and  suvh  thoroughness  of  couiitruction  iia  tthall  not  permit  a  too 
generous  amount  of  nnlunil  ventilation  with  consequent  waste  of  heat. 

Of  iJie  very  great^t  importance  in  the  character  of  the  cellar,  thai 
part  of  the  house  which  is  must  iioglccted  during  both  construction  and 
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oocu|i*DC}'.     Unlf«$  the  Mle  lA  on«  of  unnmial  dryneas,  the  cellar  flu 
flhould  consist  of  a  grtic-roiis  InyiT  of  c<-niviit  impcrrioiis  to  moi*b 
from   tielow  aoil  to  soil  air  and  its  contaiuinatiotia,  tuich  as  gas  Tn 
leaking  mains.     Tlie  foumlation  wiiIU  should  be-  tight  and  diji 
sliould  contain  lo  tbeir  upper  part  a  sufficient  number  of  irindom  of i 
,  size  to  iiiliiiii  an  adi-i|iiiiU-  Kiipply  of  Itg;tit. 

The  walls  should  Ix^  miulc  us  far  as  possible  proof  af^ittst  wind  i 
weather.     In  expoM^d  jMKiilions,  it  may  be  that  a  clajitxanletl  Kill 
far  tlrier  than  oue  of  brick,  for  the  bitter  nuiterinl,  if  very  poroiu,  b  i 
uncommonly  ivet  through  by  driving  raiu  and  does  not  quickly  1 
dry  n^iti.     Sonietinn's  it  iKri-onii-.''  nwH'jwnry  to  <x>vcr  an  entire  I 
wall  with  a  protective  coating  of  paint  or  even  iritli  a  aheatbinjc^'l'tiaj 
plate.     For  protection  iigniiiM  dani|»ic!<.<  anri  cold,  external  wniUi 
be  bnilt  with  an  intervening  air  space,  whicb  acts  like  that  of  a  doiiti 
window  ;  tbi^  ont«r  and  inner  faces  of  the  wall  are  join<.:d  at  inter 
by  bonding  bricks  or  tic«  of  various  materials,  including  b&fd 
porou.t  brickft,  glay^'d  brick.s,  and  iron. 

Roofs  sboubl  be  very  tight  and  protected  against  the  backing  up  i 
water  from  melting  .inow  and  ice  when  the  guttera  arc  filled  wilb  ie 
A»  a  covering,  slate  is  mueli  to  be  pn'fcrroi  to  sliingl«s,  though 
initial  cost  ia  much  greater  ;  it  is  [MPmianent  in  character,  imper 
and  ix^ijiiires  but  Hltle  rcpiiirin^,  while  sliinglr*  w«ir  out  in  OOWMI 
time,  and,  by  taking  up  moisture,  lead  to  rotting  of  the  timbers  I 
Tin  is  tight  and  imptTmejible,  but  is  very  Imt  in  mimnier.  Tari 
gruvel  arc  well  suited  to  nearly  flat  roofs,  tlic  gravel  protecting  tkt  I 
from  the  action  of  the  sun,  and  the  combination  being  very  duraUt. 

Care  of  Habitations. — The  projx-r  cure  of  a  house  and  its  eamu 
ings  is  a  subject  that  can  hardly  be  taught ;  with  many,  it  h  a 
instinct ;  with  mure,  very  little  is  ruqiiirtil  to  satisfy  tl»c  under«b 
ing  of  the  term.     A  large  class  distribute  house  sanitation  with 
uneven  hand,  in.'tisting  U[m>ii  th<'  perfectionof  cane  of  those  pnrtsubic 
they  inhabit  anil  in  which  the  outside  world  is  reoeive<l,  and  oeg 
Ing  those  where  fillh  ia  matt  likely  to  accumulate,  but  to  wbic^, 
hups,  the  p-iKTiiI  overseeing  eye  never  penetrates.     In  a  way,  then 
im]K>rtaut  parts  of  a  house  are  the  cellar  and  the  kitchen,  and 
shiiuld  receive  more  earefiil  attention  than  tlw  dniwlng-room.  wlie 
presumably,   organic    Glih    can    hardly   gain   access    in    apprecia 
amonnti*.     The  othorwiite  careful  hoiisek«i'[>er,  to  whom  a  burnt  i 
on  the  henrlh  of  un  opi-n  tire  is  an  abomination,  will,  perhaps, 
with  placid  face  the  boxes,  basket^),  and  even  barrels  of  rwtten 
and  vegetables,  dirty  cans  iiml  other  refuse  brought  to  tbesurfaw  1 
tJie  cellar  once  each  year  at  the  time  given  over  to  "  spring  clcanii 
The  perfectly  kept  house  know*  no  cleaning  seasons. 
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Sohooli,  even  more  than  habitations,  rc<)iiire  the  best  of  sitiutia 
with  itjfcrenre  to  light  and  air.     Wintlows  should  l>e  large  and  no 


009,  and,  iiocnrdiug  tn  the  oirtimiitc^  of  diflereiit  aiithorltieH,  their  oom- 
biac<l  nrpa  shuuld  cqiixl  Iruin  a  toiitli  to  n  fourth  of  thv  totjil  floor  nrea. 
In  tln!  arrangement  of  school  fiiniimrc,  the  main  conftiileralion  lies  in 
the  direction  of  the  lif^ht.  Thv  desks  arc  beat  placed  ho  that  the  light 
mmea  from  the  \e(i  of  the  pupiU;  coming  from  the  right,  it  casta 
annoying;  sluulown  of  pi.-n  or  pencil  in  exoroitfts  roquiring  writing; 
crotis  lighting  may  cause  »till  greater  annovance  by  casting  double 
shadows.  Light  from  the  fnmt  \»  •xooeuingly  trying,  iih  may  be 
raadily  appreciated  by  attempting  to  read  a  clock  placed  between  two 
windovrx  ;  from  behind,  it  cxut8  shiLdowv  of  tliv  Iwdy  upon  the  work  on 
the  dcek. 

Cloak  rooms  tthotild  he  ttpaciotia  and  well  ventilated  and  ])rovidcd 
with  umplo  hituging  facilities  permitting  sufficient  apace  between  the 
individual  garments. 

Water-cloiictii  and  uriniiU  demand  morcthnu  iisuiil  care,  forohildreo 
are  prone  to  carelessnefis  in  their  use ;  and  since  they  are  commonly 
placed  in  itu;  liosemont,  they  arc  very  likely,  if  not  kcjrt  in  (scrupulously 
clean  ctiulilion,  to  pollute  the  air  of  tlie  rooms  above. 

School  Famiture. — School  furniture  ii*  well  known  to  be  one  of 
the  most  important  inBuences  in  th«  development  of  lateral  curvature, 
and  much  eiireful  study  has  been  pursued  in  improving  ilH  cooslnic- 
tion.  Desks  and  clinirs  >!hunld  not  bo  supplied  with  reference  to 
age,  but  according  to  the  size  of  children,  and  should  be  ndjimtable  to 
Mch  diild.  Common  faults  uf  chairs  include  improper  shape  of  bock, 
improper  height,  too  great  depth  or  breadth  of  seal,  too  much  slope 
from  front  t"  bark,  nnd  iinpniptir  horizontal  dislance  from  the  ck-ak. 
Common  faults  of  desks  int^ludc  insulBeient  or  too  great  height,  and 
improfHT  tilopi'  of  ih<-  Murriioe. 

Clutin  should  be  of  such  a  height  that  when  the  leg  and  thigh  form 
a  right  angle  the  foot  shall  be  squarely  on  the  floor.  If  too  high,  tlie 
child  cannot  touch  the  floor  and  fails  to  obtain  tlic  nee(k<d  assistance 
from  the  feet  and  legs  fi.r  the  maintenance  of  an  upright  position  ;  if 
too  low,  the  po-iition  is  critmpe<l  ami  awkward  anil  the  i-hild  is  forced 
to  extend  the  legs  iu  one  direcliou  or  another  aud  contort  the  body 
■ocordingly.  The  seat  should  be  widy  enough  to  supiwrt  both  thtghs 
comfortably,  but  not  so  wide  as  to  permit  the  assumption  of  ImuI 
posiuri--'*  in  which  llic  back  ix  not  well  Mipporlcd.  It  slmuld  not  be 
too  deep  from  front  to  back,  since  then  proper  attitude  is  impossible. 
It  should  slope  very  slightly  from  front  to  back,  or  be  made  slightly 
ooocave,  in  order  that  the  tendency  to  slip  forwanl  may  be  counter- 
acted. The  t>ack  should  be  curved  ri)rward  so  as  to  support  the  ehild'fl 
bock  ftml  be  comfortable  in  whatever  legitimate  aitiiiicie  he  may 
assume,  for  he  requites  changes  iu  position  lor  the  relief  of  downward 
pressure  and  strnin  nf  nius<-l<.'s  and  ligamentg,  since  any  attitude  long 
maiatained  results  in  fatigue.  With  chairs  of  the  beat  form  of  ooo- 
stnietion,  faulty  altitudcH  are  less  comfortable  than  proper  ones. 

Desks  should  Ik-  of  such  a  height  that  the  forearms  of  the  child  can 
be  rested  witliout  causing,  on  the  one  hand,  stooping,  or,  on  tlie  other 
26 
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ratung  of  the  tthonlder  and  curving  the  spine.     If  too  high  fori 
child,  the  work  is  brought  too  ncnriuiil  causes  Htniining  of  the 
The  tdjt  iihould  Imve  a  proper  slope  downward  of  fmm  icii  lolwen^ 
degree*,  and  its  isige  «hotihl  iirdji-cl  sliglitly  over  ihc  forward  «dge  I 
the  chair  so  that  the  body  and  head  may  not  be  inclined  forwurd  too  i 

Proper  hci)^it  ofM-ui?  and  de<k»  and  cornict  huriTOntal  distance  I 
tween  the  two  are  attained  by  the  adoption  of  adjustable  fumiliire,  i 
which  ihin-  an-  many  varieties. 

Blackboards  &hon1d  Ix-  dull  block  and  never  tthiny,  for  if  iber 
shiny  th«y  reflect  light  and  what  in  written  thereon  h  diflicnlt  loi 
from  certain  points  in  the  room.     They  ^iiuiiUl  be  kept  well  cte 
in  order  that  the  contract  with  the  chalk  shall  be  iiharp.     The  i 
should  be   white  or  yellow  ;  blue,  (jn-i'ii,  uiid  nti  chalk  mnrkt . 
much  more  difficult  to  read.      Blackboards  should  never  be  placed  I 
tweeii  windows,  on  acnoiinl  of  f;1are.     Copying  rrom  bhickbcojdi  i 
very  trying  to  the  eyes,  on  account  of  the  constant  neoeseaf^-  cfaanpi 
focua. 

Legislation  GoncerQing  Schools. — Many  of  our  States  hare] 
laws  pi-iividiiig  t'lir  sclmol  .-anii.itiou  in  several  jtarticnlar;;.     Sjve 
rt^uin-  ex]K-rt  cxnminution  of  planf  for  projected  buildings.    Sib 
provide  for  fire-escapes  and  other  protection  from  fire.     A  m 
provide  tor  paiper  ventilation,  lint  only  two,  Ma#s»chusetts  asd  < 
necticnt,    have   established   a   standard    and    require   itt   enforcto 
Kentucky  nioiic  provide.4  ^tandard.s  for  lighting,  forlloor  spuceinli 
space,  for  proper  seating,  and  for  water  supply.     About  one-ttuidi 
tJie  Statej*  ana  Territories  compel  vaociuation,  an<I  one-fourth 
8afegunrdi;  in  the  matter  of  contagious  diMMiiR-e  in  general. 


Section  2.     VENTILATION   AND  HEATING. 

We  have  seen  how  necessary  it  is  to  life  tliat  the  CO^  given  off  I 
tlie  blood  in  the  lungs  to  the  inspired  iiir  sb»ll  be  continufluelj  ' 
chiirgcd  from  the  hotly,  and  we  know  that  whatever  other  HKctil 
impurities  of  viliiittnl  air  may  produce,  tlie  cfrirrt  of  undue  CO,  in  I 
air  is  (o  interfere  with  the  function  of  rcspimtion. 

Therefore,  it  follows  that  the  air  which  we  brtnthc  must  bei 
as  possible  from  the  impurities  which  we  oontiuiially  discharge  iilvl 
and  that  this  condition  can  be  obtained  only  by  constant  dili 
them  by  a  constant  supply  offnwh  air.  In  the  open  air,  ihi.^^ 
goes  on  without  any  artificial  assistance  and  requires  no  conski 
but  in  confined  space.t,  we  have  to  a  certain  extent  a  reprodiictiaBi 
the  conditions  that  obtain  in  the  lung ;  namely,  the  presence  of  •  if 
ume  of  vitiateil  air,  separated  fnim  the  purer  surrounding  nir.  and| 
quiring  to  be  dLst^liar^ed  arxl  rcpliiced.  In  other  wonic,  the  air  tn ' 
Snt  confined  space,  the  lung,  is  discharged  into  the  set^oiid  coofio 
space,  the  room,  and  thence  must  Ik-  n-movcd  to  tite  outside  and 
placed  by  an  equal  amount  of  normal  air.  The  constant  dilntioDi 
removal  of  impurities  due  to  the  necessities  of  life,  so  that  tlieir  i 
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be  90  omall  ss  to  br  hnrmlcA^,  U  (lu-  riiin-uun  of  ventilation,  wbii-h 

be  r^arded  as  the  rpfipimtion  of  ii  buildiug. 

i$,  of  course,  Dot  to  Ik-  exjx^teil  lliat  llir  uir  ol'  iiii  iiiliubttcJ  room 

flintier  the  usual  conditions  be  maititaiDt'd  in  a  coudition  of  purity 

ttfaat  of  the  outdoor  air,  oven  tliotij;:!)  but  orio  cuinllo  or  one  ptT- 

hf  prr»«'«t  to  ^-xcbungc  carbon  diitxidi-  and  water  for  oxvgcn,  but 

npurities  can  be  reduced  to  a  ininimtim  bv  llie  iiiCrodiietion  of  a 

tunnurit   of   fresh  uir.      Wliut  Kltail   lit-  eonsideretl  a  proper 

It  of  continuoua  air  i^uppl}-,  depeod^  u^xin  what  \vi-  lulupt  us  a 

"  permiA^iblv  impurilv,  mcasurt-d  by  llio  amouut  of  COj  present. 

?fir  the  maiDteoaoce  of  a  fair  degree  of  vigor  and  t-tability  lhriiti);li 

■  ixidnliim  t>f  tin.*  blond  .-inil  dilution  of  t!if  efli-te  matters  di6- 

),  and  for  the  maintenance  of  the  fullest  and  most  perfect  fiine- 

a«tivity,  oih-  nsjuircs  respect ivdy  ubont  ^iO  iind  .'lO  cubic  itet  of 

miaate.     I.*sa  than  30  will  inevitably  produce  impaired  vital- 

Ij  ovrr  -'lO  Clin  be  pnnluetivc  of  no  i;ain  in  iinprovcnient  va  far  «» tlio 

of  the  ortlinart'  vitiuiiug  niuttem  are  concerned. 

ihe  latter  raif,  then,  an  hourly  supply  of  .'!,UOIt  culiin  fwt  is 

rr  for  the  proper  dilution  of  the  respired  air  of  each  individual 

Dt  in  a  confined  space.     Thus,  »  room  of  ;!,00()  i-u.  ft.  capacity,  In- 

by  one  pi-r*"D,  must  receive  iti;  full  ciipiidty  of  frc»li  air  once 

hour.     Hut  thin  renewal  must  be  a  conlimious  process  so  as  to 

It  an  DccumulHtioD  of  impurities  which  would  octiir  if  the  uir 

:  simply  replaced  in  hoik  by  an  hourly  aeration  by  opening  win- 

for  the  re<)nii>ile  few  minute:*. 

r  mu.'^t  it  be  supposed  that  even  vtith  constant  fresh  supply  the 

f  thtr  room  can  have  the  i^mi'  composition  a.s  that  whicli  enters 

without,  for  the  impurities  of  each  respiration  arc  not  rcninved  in 

■le  distinct  lotx,  hut  are  mingled  in  the  general  bulli.     If  the  oe- 

■t's  hnd  were  in  a  conduit  bringing  the  constant  mipply  of  frc»h 

carrying  away  the  product."*  of  respiration,  no  such  amount  of 

rould  I"'  necessary  and  no  conlriminntion  of  the  general    supply 

"  occur.     Under  ordinary  circumstances,  with  an  hourly  supply 

'  cu.  ft.  per  capitii,  the  nmotint  of  (X),  will  not  range  aliove  <>  iir 

ID  10,OUO,  and  any  system  of  ventilation  that  will   keep  it 

to  this  miist  b«'  iidled  good. 

[ier  impurities  than  those  of  respiration  arc  to  be  considered  in 
|DMlionit  of  ventilation.     The  influence  of  burning  illuminating 
il  on  the  composition  of  air  ii*  very  great,  both  n*  to  the  eon- 
tioa  of  the  oxygen  and   the  production  of  OO,  and  other  ira- 
and  it  is  not  iniipuilieiint  in  iw  relation  to  the  teiiijMrature. 
jKirities  from  one  cubic  foot  of  onlinury  iltuniiniiiing  gus  arc 
ia  amount  as  to  tvquirv,  according  to  various  estimaie.*,  from  TjOO, 
N)  cubic  feet  of  air  for  their  pro]>er  dilution.     They  include  not 
carixmic  acid  nml   water,  but  carbon  monoxide,  sulphur  acid-i, 
a>nds,  marsh  gas,  ammonia  conipounih,  iineimNumcd  cnrlton, 
er   mailers.      Oifli-rent    fonns    of    burners   <^onsume   different 
of  gaa  to  get  the  Mime  illuminittion  ;  ordinarily  from  three  to 
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tax  cubic  feet  8re  tued  per  hour,  requiring  1,500  to  10,000  cu.  ft.  i 
air  supply  for  pro|ier  (iilution  of  tlio  impiiritift*   producnl  liy 
burner. 

Tb<-n-fore,  on  botli  hygienic  and  ecnnaniic  ground^  tbe  biirnrr  whid 
produces  tbe  intiicimiini  of  liglit  from  the  minimum  of  gas  is  tlic 
fur  u^,  it  being  undersbmd  that  a  given  volume  of  ga.4  will  yield '. 
same  amount  of  impnritics,  wliatcvvr  Iliv  bunicr  vmpluvcd. 

The  impurities  from  candles  and  lampH  are  less  in  number  and ' 
licty,  but,  mv^Mirwl  by  iho  comimrnlivc  illiiminntiug  jiowcr,  i\ii:f 
larger  in  amount  tliun  from  gas.  For  example,  tbe  cnmbustioaof  i 
amount  of  candle  or  kcrooenc  oil  neocA.'utry  to  produce  (Itv  anw  tnti 
sity  of  lightu»  ont;  cubic  foot  of  gas  will  produce  from  40  to  160[ 
cent,  more  impuritieii,  and  requires,  thercfon>,  projmrtioualcly  rmki 
for  their  pro|HT  dilution. 

The  subject  of  ventilation,  involving,  aa  it  does,  the  continuous  iab 
duction  of  pure  iiir  to  di^tplscc  that  which  bus  become  vitiated 
whatever  cause  or  heated  to  euch  a  degree  as  to  be  inoonaistoU ' 
comfort ;  having  lo  deal  with  buildings  and  nx)m»  of  varioo!!  ««s,^ 
signed  for  different  uses ;  and,  as  it  Is  chiefly  in  the  colder  monibs  I 
its  iuiporlaitcf  ti>  greatest,  being  intamati-ly  connected  with  tlic  {<ri)ble 
and  cost  of  heating,  U  a  vcri-  complex  one  which  wUl  not  permit! 
wloption  of  any  inllexible  rules  applicable  to  all  casa*. 

AmoQnt  of  Spac«  Required  for  Good  Ventilatioii. 

If  it  be  agreed  thiit  for  llw  inoj^t  perfect  n^ults  an  adult  requins  i 
hourly  supply  of  ;i,000  cubic  feet  for  the  removal  of  hbt  own 
miitler*,  lo  Wiy  nothing  of  the  ncccsfory  impurity  dependent  iipm  V 
himiniition,  the  next  question  is  as  to  the  amount  of  cnbic  siiaw  ne 
unry  per  atpita,  ihiit  i.s  to  .-^ay,  Ihmugh  bow  iiinnll  n  sfMicc  tliut  amoni 
of  air  c«n  lie  drawn  hourly  without  disanrcejibly  perceptible  drai^b 
The  i>cn.4ation  of  ilnmght  h  governed  viry  largely  by  liie  Ii-niperaW 
of  the  moving  air.  a  cold  slowly  niovinp  eiirront  being  more  jwrcep 
ble  tlian  a  warm  one  moving  at  a  grL'atcr  rate  of  ^jiecd.     DraugbH 
which  an'  prodnetivc  of  disiajnifort  nre  more  dangerous  than  tlic  < 
nary  vitiation  of  the  air,  and,  theivfore,  complete   venliUtion 
draughtii  is  worse  than  partial  ventilalion  without  draughts. 

It  Ims  been  ^bown  by  Pcttcnkofer  that  with  the  aid  of  delicsttl 
paratus  and  mechanical  power,  alxiui  li.oflO  (.-nbic  fi-x't  cjin  be 
without  draught  thi-uugh  a  itptice  of  424  cubic  feet  in  an  hour ;  dnt  j 
to  gay,  through  a  room  8  feet  square  and  ti.">  high,  tlic  air  can  br 
newed  six  limes. 

The  niinimnni  space  within    which  one  can  receive,  under 
conditions,  six  complete  ohaugcs  of  air  in  one  hour  is,  therefore^' 
cubic  feet;  but  in  ortlcr  to  get  3,000  cubic  feet  in  one  hoar,  the 
n-ould   have  to  be  changed  seven  times,  and  so  the  required 
miun  space  would  be  500  cubic  feet.     In  large  spaces,  however,  it 
puw>ible  to  obtain  more  frequent  clianges  without  danger  from  dniu 
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,  Tbits,  ill  a  hnll  40  \i\  20  (iv  1")  fwt,  40  j>c!nioti»  cnii  be  «ii[ijilii'd  witli 
3,000  cubic  fc'.t  rafh  per  Iioiir,  and  encli  out-  will  have  SOU  cuhic  feet 
of  air  8paoe.  Th<-r«fiire,  in  dealing  with  large  spaces,  we  may  affiums 
300  cubic  fi-Gt  piT  cnpita  nitlicr  timn  oOO. 

In  the  ventilation  of  itmall  ctpaceet,  lliere  Ih,  in  addition  to  the  poHcd- 
bility  iinil  tliinci-r  of  dmu^htri,  thir  ^nive  <Ufliculty  lliat  tlio  itiku  and 
outlets  are  iiccessarily  bo  near  together  that  ranch  of  the  air  will  pasa 
directly  from  Ihi-  onv  to  the  i)[h>;r  witliont  liiiving  rninglfil  with  the 
miiin  body,  and  without,  therefore,  doing  the  (^lightest  service  in  dilut- 
ing tin-  inipnrilii'»  |iro»ent.  In  Inrgo  air  «pacei»,  lliis.  ohjcrtion  Atye»  not 
apply  willi  equal  force,  for  the  opportunity  for  diMision  is  greater,  the 
larger  the  ajMoe,  though  of  <'i)iir»c  hvi-c,  too,  the  inlctg  and  oiitli-ti'  luuy 
\»  so  unfortnnutely  placed  as  to  favor  the  formation  of  direct  currcute. 

In  the  ventilation  of  large  8pnoc^  In  which  large  nnnilH-nt  of  people 
gnllier,  \vt  churchc«,  thcntrcs,  sdiools,  and  lecture- rooms,  we  are  at  once 
confronted  by  the  fact  that  ■'10(1  cuhlc  feet  of  space  is  a  more  lil>eral 
p«r  capita  ullowniicc  than  is  often  pniclicable,  unci  that  this  epitci-  is  in- 
compatible with  a  draughtleea  ventilation  by  the  necessary  air  volume. 
If,  then,  the  question  he  asktil,  Uow  to  provide  the  ntccswiry  imioiint, 
there  ifi  but  one  answer  ;  namelv,  that  it  rannot  be  done.  Fortunately, 
however,  the  danger  fVom  ini]iure  air  xn  ]ii-ojMirtioiiiite  to  thi-  1<-iiglh  of 
time  of  expo»iure,  an  oocflsionul  short  time  spent  in  a  crowded  ro<]m  or 
public  conveyance  niU^I  with  Imd  air  being  K'.in  liarralul  tlian  j)rolonged 
and  habitual  occupancy  of  ii  room  in  which  the  air  is  less  vitiated,  but 
yet  not  good. 

In  K*-neral,  it  niny  be  said  that  the  importance  of  ventilation  varies* 
with  the  particular  air  ftpacew  ;  those  which  are  used  only  at  intervala 
And  for  slwrt  periods  of  time  Imvc  much  lw»  micd  of  it  ihiui  thow 
which  are  used  uninterruptedly  ;  those  which  are  ntit  crowded  demand 
lew  than  tho«e  that  nn.' ;  tlio»e  utted  only  for  llie  moment  net^d  no  con- 
Ht<lcRition  whatever,  tlie  natitml  forces  at  work  at  all  tJmee  being  siitH- 
cient  for  their  needs. 

To  insist  upon  thorough  ventilation  of  every  part  of  a  house  at  all 
dme«,  an  moat  araateur  liygienisls  do,  is  to  demand  a  needless  wa^^te  of 
WWtgy  and  money,  for  except  in  the  warm  months  when  the  windows 
and  doors  are  left  freely  ojKn  for  the  sake  not  alone  of  ventilation  but 
of  gcntnd  comfort,  ventilation  goe«  baud  in  baud  with  beating  and 
divides  the  expense. 

Nor  can  one  sueerssfnlly  insist  upon  any  rule  that  each  pemon  must 
have  at  least  a  thousand  cubic  feet  of  air  space  with  renewal  of  the  con- 
tained air  once  in  20  minutes,  for  to  do  so  is  to  urge  in  the  case  of  the 
poor  of  large  cities  an  impossibility,  Hince  space  it*  coatly,  and  with  ven- 
tilation to  the  proper  extent,  is  b^ond  their  means. 


Natural  Forces  in  Ventilation. 


W  Before  proceeding  to  the  subject  of  systoms  of  ventilation,  we  must 


406 


HABIUTIOXS,  SCBOOl^  BVa 


abscnw  of  all  schemes  and  systems.    Them  forces  are  i^iniin  vA\ 
gravity. 

DUmsion  and  Oravi^. — Tlw  rate  at  wliicli  gattcs  diRW  i<  hv  no^ 
cueaus  \he.  same  for  all,  tlie  lighter  diCTtuing  mu4-ti  more  rapidlv  ikaoJ 
the  heavior.  lu  fact,  the  rate  vnriv»  inverecly  us  tbc  Hquare  nioU  of  1 
their  dcimilie^.  The  ppovinee  of  diffusion  in  ventilatioD  \s  limilcd  \ 
bringing  tlie  air  l>i  n  oondilion  of  more  or  lens  i.-x>ni]iIot<:  homogtaei^J 
by  ciusinv  the  gmeou^  ra»lter!)  to  become  dUtribiited  ihixnii 
ToasA,  but  ifl  an  iiibabilt^  ruum  it  cuu  do  but  little  towards 
the  air  at  its  norma]  composition.  Bjr  ressoD  of  the  law  gorcr 
the  rate  of  diOiKion,  ttiert-  niii<l  of  neei^3.-«ity  lie  u  nonittiint,  ifc 
jilow,  removal  of  gaseous  impnrity  into  the  cxternul  air,  for  wlicrwfrl 
two  gases  arc  brought  intu  ontact,  diR"u.-«ioa  will  occur,  wbedierl 
meeting  place  Ik:  large  §piicos,  as  rooms,  or  small  spuoM,  as  poreio 
tlie  plastering,  brinks,  mortar,  stone,  or  other  material  which  for 
tlicbonndarie.'f  of  that  nx>m.  This  force  is,  however,  very  irnideqnil 
and  can  be  of  service  only  at*  an  assistant  to  another,  Morwvcr,it| 
ojin  affoct  only  gaseous  and  not  susjK-nileil  mutters. 

Of  \'ast   importance,  however,  is  the  other  force,  that  of  gravilj.j 
Kqual  volume.-i  of  air  at  the  Hune  tempenilnre  and   under  tlie 
pressure  will  have  the  same  epeciltc  gravity  ;  if  the  temj>cnUuTe< 
one  of  them   lie  du.mhI,  it  expands  a  definite  anmunl  for  each  drgnti 
and  thus  liii«  less  specific  gnivity  than  the  other  the  more  tl  is  lwat(ai| 
Being  surrounded  by  air  whieh  i.«  heavier  than  itself,  it  riaceor,  i 
properly,  is  forced  upwards  by  the  heavier  air,  which  descend* »  oo-J 
copy  its  place,  in  the  same  way  that  a  vohime  of  light  oil  in  ■  cyKn 
is  forced  upwards  when  water   is  pound   upon  it.     If.  on  the  otl 
hand,  it  is  cooled,  its  volume  onntracts,  ita  specific  gravity  is  Incr 
and  it  sinks  downward  through  the  warmer  lighter  air  below  il. 
this   way,  differences  in  tem|>erature   cause   constant    movomcnB 
bodies  of  air,  nnd  rurrent*  are  calablished. 

In  an  inhabited  room  this  force  is  always  at  work,  for  tlwre 
necessarily  be  some  source  of  heat,  even  tlmugh  it  be  only  the  Wyt 
the  oocup;int.     The  air  in  contact  with  the  body  becomes  heated  i 
is  then  displaced  by  the  colder  air  al>outit;  this  in  its  torn  i«  SQ 
jecled  to  the  same  influeuces,  and  the  whole  of  the  containeil  air  ail 
rise  in  temperature  and  be  correspondingly  expanded.     ^Vs  it 
lighter  than  the  iturronnding  nir,  the  latter  tom'^i  iiitclf  in  and 
original  air  out  through  all  the  a\*ailable  openings,  and  thus  ai 
amount  of  ventilation  is  aciromplisbeil. 

Under  the  ordinary  conditions  of  occupancy  of  a  house  or 
have  additional  sources  of  heat  in  the  combustion  of  fuel  and  il 
nnting  materials,  .mil  no  matter  how  imjKTfect  the  applied  sj-sten 
ventilation  may  be,  and  in  spite  of  all  efforts  to  exclude  the  est 
air,  a  very  eon.iidcntb!e  lunount  of  interchange  of  air  is  iuevilabWi 
is  only  in  a  chainbcr  that  is  to  all  intents  and  purpoM>s  hcnneli<: 
Lthal   no   ventihition   will   oeeur  when  thent  i.t  a  diffen-nce 
mial  and  external  lenipcntturwt.     Heated  air  will  i 
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flues,  through  cracks  aronml  window*  nnd  iloorH,  bclwecii  the 

of  the  floors  nnd  of  the  general  structure,  and  evea  through 

iiitrn>lic«s  of  unpainlrd  ptsntcriiig  atid  niorlur,  iiml  thniiijrli  tlie 

■  of  hrioks.     That  u  Kar^e  volume  of  air  will  pags  through  erscks, 

DO  demoQKt ration ;  th«  {M^sago  of  sir  through  bricks,  pIsDtor, 

ortar  ain  \iv  w>«ly  uliowu. 

D  the  opposite  sides  of  a  brick,  we  fasten  bv  means  of  sealing 
*o  onlinuy  glius  fuiincis,  and  ihcn  »niciir  its  entire  exjwjsi'd  »iir- 
riih  a  lilwral  ooatiDg  of  the  same  material,  all  of  the  external  pores 
tng  those  within  Um>  sjiaceM  covcrt-d  by  the  fiinneU  arc  inndc 
•ions  to  air.     If  now  we  oonoect  by  means  of  a  rubber  tube  the 

Flo.  38. 


Arvwuui  for  <l»inuiiilnUD(  (ba  pamBklilUIr  of  brick*,  Md,  lo  *lt. 

on  one  side  with  a  bottle  in  which  air  ctin  be  comprossod  by 

■  if  water  pmMurc,  and  by  th«  iwme  means  Ihe  other  funiu-l  with 

vrted  test-tube  tilled  with  water,  mid  upply  ))reiffiuro,  in  u  few 

^^n^  pmmgeof  air  through  the  porciiof  the  brick  will  be  niani- 

by  the  escape  of  bubbles  from  the  outlet  tube  upward  through 

<8«  Fig.  38.) 

[Miiiil^i  of  air  through  pluatert-d  wuUx  is  much  impeded  by  wall 
and  may  be  totally  prevented  by  oil  paint  and  moisture. 

o X peri n lent*  hn%-o  provetl  thiit  with  varying  differenoee 

tbe  internal  and  external  temwrut ureii,  the  uir  of  a  room  or 

will  lie  renewed  partly,  wholly,  or  rcjieatedly  every  hour, 
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even  wh«n  efforts  are  made  to  prevent  a*  f«r  m  po«nit>lc  the  ent 
of  thv  oiitMKle  air.  The  rfHtillH  varv  with  tlie  difference  in  oonditioo^ 
the  highest  effects  being  proiluct-il  wlwii  the  «-i:i|M>rHtur«  diSereno 
are  wide,  the  0{>|K>rtuiuLie.s  for  leakage  great,  and  the  extenud  air 
active  motion.  With  perfect  calm  un<)  <-<]uaI  ti-mperaturc,  thetttolti 
will  lie  nil. 

Perflation  and  Aspiration. — IiH-i]tinliii««  in  outttide  tempeiatun*] 
give  rUe  to  the  lar^-r  currents  of  air  which  «e  know  as  wind).  Tbnl 
have  II  very  great  inlliiiiice  on  ventilation  both  by  their  perfliting  ii»-l 
lion  and  by  at^piratiou.  The  highest  results  of  iwrllation  are  those  [ 
ubtitiricd  when  obi'tttclc^  to  the  free  nilniitiMon  an<l  exit  of  wind  ntv  re-  j 
moved,  as,  for  instance,  by  opening  windows  in  it.-*  iiolh.     The  quick- 
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neea  and   frequency  of  renewal  of  contained  air  by  this  meant' 
necessarily  depend  upon  the  siiw  of  tJic  openings  and  the  veloeitji 
direction  of  the  wind.     The  leaat  effects  are  prociueecl,  whate\'prl 
velocity  and  direction,  when  the  obstacles  to  entmncc  arc  grrairsl. 

7'h«  ns|iirating  influence  of  wind  is  shown  by  the  upward  currentipi' 
duced  in  jiues  when  the  internul  and  external  tem]>eniturc«  are< 
A  current  of  air,  moving  swiftly  across  the  outlet  of  a  flue,  has  the  i 
effect  on  the  conteuts  of  the  flue  as  that  of  a  common  hand  ab 
has  on  the  contents  of  the  tube.     The  air  in  the  upper  port  is  of 
along  mechniiieally,  a  p£irtia)  vacuum  is  formed,  anti  that  which  i« 
low  riitce  to  take  its  place  and  is  in  turn  earrii^l  awny.     In  the  asti 

I  flue,  air  from  below  is  constantly  drawn  up  and  dissipated ;  ia  < 
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'  cue  o(  lliv  ntiiiniter,  tlic  liqiiid  into  which  the  tube  <li]is  is  Unnl  uii<l 
blown  intr)  Bjiray, 

Tlji.-*  iiifluonci-  is  tiiilixed  anil  tvat^torl  by  various  forum  of  cowls 
pbictd  civer  outlet  Hues  ;  some  of  these,  however,  though  they  seem  to 
be  an  at(],are  rvally  n  hindrance  to  tlu'Ciililow,  a»  can  bs  cosily  dcmon- 
str»l«il. 

In  Figs.  3!)  and  40,  are  shown  fomiK  of  cowU  which  offer  some 
•Mifldinvo  to  iho  at^|iirnN>rA'  inlltii'nce  of  winds,  and  in  Fig.  41  \a  shown 
another  very  popular  kioH,  the  rotary  oowl,  which  offi>r9  an  oheilruotioii 
to  ihu  piL.i«<nge  of  air.  A.t  tiw 
win<l  causes  ihc  top  to  revolve, 
the  impri-j^sion  U  made  thai 
work  i»  bt'iiijT  performed ;  that 
io  its  revolutions  it  is  creating 
ft  ftuction  which  aiuwH  an  up- 
ward current  of  air.  Aa  a 
matter  of  fact,  howx-vcr,  it  ig 
doing  no  eurh  work,  but  is,  on 
the  contmry,  iuter[>nsing  an 
ob«tUclc  to  the  puesoffo  of  iiir. 
This  can  be  eaiiily  demon- 
strated by  meiL'^urinK  by  means 
of  an  anemometer  the  amount 
of  itir  di«i.'l)argvd  through  the 
flue  during  a  given  period 
while  the  revolving  top  i^  in 
place,  and  again  during  an 
equal  period  while  it  is  re- 
movefl.  The  difl'crencc  be- 
tween the  resnita  obtained  will 
invariably  be  in  favor  of  the 
period  during  which  the  cowl 
'»  absent. 

Other  forms  of  cowls,  con- 
■tnietcd  80  that  Ihtir  outlets 

arc  turned  by  means  of  a  vane  away  from  the  wind,  are  useful  in  assist- 
ing a-ipinilion.  Snch  a  form  is  shown  in  Fig.  4'2.  By  rcvi'rsing  the 
position  of  the  vane,  the  mouth  of  the  (vivl  i^  turned  toward  the  wind 
BO  that  the  Hue  i.n  converted  into  an  inlet  for  fresh  air. 

Natural  VentilatioD. 

Ventilation  that  proceeds  from  the  o{>cralion  of  natural  forces  is 
known  as  '■  natural  ventilation."  For  the  attainment  of  the  largest  ro 
dulta,  theiw  forces  must  be  assisted  to  the  extent  of  removal  of  obstacles 
to  their  action  so  far  as  may  be  advisalile.  It  is  nut  well  t<i  depend 
upon  the  chance  cracks  and  n|ion  the  niigiation  of  air  through  the  por«a 
of  building  materials,  but  neee.'ssary  opening]*,  Uuh  iult-ts  and  outleta, 
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shouM  be  proviflcJ.     Th«  greater  tlie  oljalaolo"  to  the  t>9capeoflKSle(f| 
air,  the  lese  th<^  opportUDity  for  fiuccesefut  luituml  vcDiilxlion. 

The  ^-xln'menfulwl ruction  to  lh«  I'St-aixf  i>f  wmtaiucil  air  mar  bf  il- 
lustrated by  an  hermetically  sealed  rnvtiilltc  bo\  ur  by  a  cUmeii  glis 
bottl&     8uppo«e  we  provide  one  small  opening  iu  tlie  fiid«  of  the  box  or 
in  the  stopper  of  the  hottle  to  act  uh  an  outlet  niiil  inU!l,ando(i6erT«  tbt 
reiiiih.     Acoording  aa  the  eonlaiiied  air  is  wamied  or  coolwl,  tlic  apst- 
in^  will  net  as  an  outlet  or  t%s  an  iiilel,  but  only  to  a  limited  extcA  ' 
The  expauiiiou  due  to  heating  will  cause  the  eacajK-  uf  a  porti<n  > 
tlic  pontcntJi ;  the  ooDtni«lion  due  to  cooling  will  canae  the  indraBingof  ] 
.Botne  of  the  outer  air ;  but  in  either  case,  the  movement  i^  all  one  ftj 
»m%d  there  h  no  rnil  interelianj^.     Supjwse,  however,  two  opemngint' 
supplied  ;  then  one  will  be  utilized  us  !in  outlet,  the  other  ns  aa  inldt 
and  a  constant  inward  and  outward  eurrenl  will  be  maintained. 

The  more  tightly  fitting  we  make  our  windows  and  doors,  and  thej 
more  impervious  to  air  we  make  our  walls  by  means  of  luiiw  ml ' 
shuithin)^  paptT,  the  more  di>  we  op[><)!te  natural  ventilation.    On  iIm 
otlier  hand,  the  intelligent  placing  of  inlets  and  outlets  furtlienlbcolh 
jecl  to  be  achievi-d. 

Id  addition  to  permanently  installed  inlet  and  outlet  flues,  tcnip>- 
rary  openings  can  be  utilized  whenever  desirable.  The  most  nvaiUblej 
of  the«e  is  the  opened  window,  whieh  can  l>e  so  utilized  as  to  avoid  Moi 
voIuminoUB  exchange  and  uul>earable  draughts.  The  area  of  lheop«>-| 
ing  can  be  very  simply  rcgulati.'d,  and  the  air  may  be  deflected  op-j 
wards  or  the  current  may  be  broken  up  hy  the  interposition  of  te| 
wire  guiixe,  llannel,  or  other  [lervlonH  material. 

A  very  common  plan  is  to  place  a  hoani  lenpthwii<*  under  the  lowtrl 
sash,  so  as  to  till  completely  the  opening  made  by  raising  the  windotj 
and  tlius  establish  an  inlet  or  outlet  where  Uie  two  xashe:*  overlap  taA  I 
other,  for  the  barrier  to  the  movement  of  air,  formed  by  the  juxtap)«-l 
tioiMiflhe  lower  border  of  the  upper  sash  utid  the  np|)er  bonier  of  lk6l 
lower  one,  no  longer  exists,  and  the  enleriug  cum-nt  i^,  uior«ivcr,f 
given  an  npivani  dinjelion.  Inslojid  of  a  IxKtid,  a  frame,  over  irh 
a  dinpliragm  of  flannel  is  fastened,  may  be  used.  Tliis 
is  pervious  to  air  but  impervious  to  dirt,  which  is,  therefore,  Glh 
out.  Movable  piines,  cittier  sliding  or  swinging  by  the  side  oreift] 
are  frequently  employed,  especially  in  double  windows.  There  aw  J*  ] 
numerous  palentitl  deviecs  for  window  ventilation,  all  designed  vivj 
the  idea  of  dividing  or  deflecting  the  current  of  admitted  uir. 

As  has  been  remarked  almve,  the  most  important  force  in  i 
vontilatiiHi  is  that  dependent  upim  unequal  tempemturen  of 
air;  in  a  perfect  calm  and  with  etinal  temperatures, natural  vealil 
would  have  to  <li-pi'n<l  wholly  »n  the  force  of  <li(ru!<ion. 

The  enormous  influence  exerted  by  iiie  heating  and  lighting  Ml 
building  or  room  on  its  veniitalion  beeome*,  (hen,  self  e\ident,  buA  i 
Ls  not  simply  a*  a  motive  force  that  the  relation  between  Iwat  and  ve 
tilalion  is  so  close  and  important,  for  (he  incoming  air  must  bei 
to  an  agreeable  temjiernturc  in  order  that  the  sgmee  may  be  halnt: 


SATUBAL    VmtT/LATIOy.  411 

Tliiis,  a  verv  large  share  of  the  <<oHt  of  hinting  i»  (\hargeab1<>  to  vonlU 
lutioR,  wlinlcvcr  the  syKUm  of  venlilition  be.  In  the  nistt«r  of  ex- 
peose,  the  amount  of  leakage  through  crnekii  and  other  Atnall  openings 
a,  in  n  C(.Tt;«iii  da**  of  ciku.';<i,  of  vorv  jfri-ut  importaiicf.  In  our  dweU- 
in^,  it  is  important  that  th«  interchange  of  air  ^hall  proceed  coiitinu* 
oii«3y  in  llio  inluitnlixl  )iart.-i,  Itut  in  building  wliirh  arc  used  only  by 
day,  and  perhaps  for  only  a  few  hours  daily  (schools,  ete.),  it  is  not  es- 
wnltiil  that  the  nir  utiitll  1h>  com^tantly  rem'wi-d  iit  other  times ;  and 
here  it  is  wise  to  obstruct  iho  leaka^  as  much  as  possible  by  perfect 
coastructiou  and  by  dampers  in  the  fluett,  »o  t)inl  wiMe  of  hmt,  fuel, 
and  money  may  W  prevented. 

For  the  promotion  of  the  process  of  natural  ventilation,  a  iiurulii'r 
of  "  systems  "  have  been  tleviBcd,  miiny  of  which  can  l>c  protbictivc  of 
ao  rei^ults  other  than  incomes  for  their  pmmoters.  As  a  rule,  aio»i 
of  tltose  noticed  in  works  of  this  chnrncter  ure  cither  ill-ndiipted  to  the 
conditions  of  our  climate  or  incompatible  with  our  methods  of  build- 
ing, and  will,  ihererori;,  not  he  couKidcrid  hciv. 

The  only  system  of  natural  ventilation  worthy  of  advocacy  is  that 
which  provider  projwr  iuletit  and  mitlota  and  a  suilablo  monos  of 
heating. 

Inlets  and  Outlets. — As  to  the  sixe,  localiiMi  ami  number  of  in- 
letK  .itul  outlet!-,  uo  hard  nud  fast  rules  can  be  applied  fur  all  cases, 
since  the  conditions  are  widely  varying,  and  many  different  cireum- 
Htanocs  have  to  be  taken  into  account.  But  general  rnli.«  may  be  laid 
down. 

If  itevcral  inleU  are  to  be  provided  in  a  mom,  it  in  niiKeiiriid  that 
tlioy  should  be  distributed  iu  such  a  nianUGr  as  to  ini^ure  a  thorough 
blending  of  the  admitted  air.  They  should  not  be  mn  placed,  with 
reference  to  outlet)!,  as  to  favor  the  forminp  of  direct  currents  between 
them,  whereby  a  large  proportion  of  the  inflowing  air  is  discharged 
without  hiivitiK  fullillcil  itjf  fimcticin — a  riot  nnusiuil  condition,  which 
illustrates  that  the  amount  of  air  admitted  is  not  by  any  means  a  meas- 
ure of  thoroughness  of  ventilation.  Their  hiejititm  is  not  such  an  im- 
portant matter  as  the  placing  of  the  outlets,  but,  in  general,  an  inlet  ia 
bc^  plnn'd  on  an  inner  wall  when.'  it  :<liall  l>e  most  nearly  central  in 
rolalion  to  the  outEide  walls. 

With  reference  to  the  fI(H>r,  if  the  incoming  air  is  heated,  they  may  be 

i)luced  high  or  low,  but  if  it  is  admitted  cold,  they  should  be  ut  a  higher 
evel  than  the  heads  of  the  oooujiants  an<l  provided  with  arrangements 
for  deflecting  the  current  upwanis  towanl  the  ceiling.  This  may  be 
accomplished  by  causing  the  current  to  impinge  upon  a  surface  slant- 
ing upwanl«.  The  results  of  this  dollociiim  ni-e  that  the  fresh  air  l>e- 
ootnes  mixed  with  the  warmer  air  and  that  more  time  Is  required  for 
it  to  rcooh  the  lower  part-s  of  ttie  nwiii.  when  it  will  have  be<'nme  sufifi- 
cieotly  warmed  not  to  cause  discomfort.  The  interposition  of  the  de- 
flecting .lurfoce  at:<o  spread-,  tlx- ciinent  radially  and  ri'dnees  its  veWity. 
The  incomiii;r  air  becomes  mingled  with  the  general  supply  and 
joins  the  currents  which  are  constantly  in  motion.     That  which  oomeB 
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ID  oontu>t  with  ooolinf;  Murfnccg,  such  as  windou-a  and  oul»dr  irallf, 
cooleil  add,  lliprelhrv,  falU  lowarda  lh<?  fli>or,  and  that  which  lakes 
plan>  as  il  fiilU  H  voftli-il  in  itd  titni  und  tutlowt  uIVt,  mi  thnl  cnrnn 
aro  vsUiblishcd,  which  lend  to  keep  the  whole  bulk  in  more  orl 
motion.  A»  thei>t>  iriirrfiit^  reiich  thr  floor,  thi-ir  ualumi  trend !« acra 
that  fliirfucc  towui'd  the  inner  warmer  wallfi.  where  tlioy  become  facati 
and  are  inclined  towanl  the  wtiling,  reaehin(:  whieh,  tht^y  are  pushed  1)J 
the  foKHj  behind  and  druwn  hy  the  oiw  in  front  townnl  the  outer  will 
and  wiudoM'^  again.  In  ihe  meantime,  Honie  of  the  air  bi  (ccapiii 
throajrl)  outlets  und  diffiision  of  the  impurities  is  procciKliiij;,  *a  that 
more  or  lees  even  character  is  brought  about  throughout  the  air  of  lb 
room. 

Outlets  may  be  placed  at  the  level  of  the  floor,  in  the  eeilins.  or 
any  height  in  Lhc;  wall:^  nct^rdtng  to  tiie  co»dit!on»  of  eac-Ji  indiviilu) 
cMe.  If  the  iitfioming  air  is  not  healed,  the  outlets  should  be  ptu( 
high  up,  for  where  only  unhealed  air  i.i  admilled,  the  warmest  air 
be  the  uidi^t  and  its  location  will  he  in  the  upper  air  space. 

If,  on  the  other  hand,  ihe  air  i-*  healed,  the  outlets  may  be  anyirbe 
»0  6ir  lu  lieI{;Ul  is  OoneerrKil,  but  there  is  »ome  choice  in  locations  wi 
respect  to  inner  and  outer  n-a11a.  Outlets  placed  beneath  wiiwlowi 
near  outer  walln  will  witlidniw  th«  fiilliiij;  ciirTenl.s  of  the  only  recall 
introduced  air  before  it  has  had  an  opportunity  to  become  well  mi 
by  paaiin^  acm!<s   tin;  flf>or  to  the  other  side  and  iiefon*  it  has  in  a 

i>ro|>er  decree  fulfilled  its  functions;  but  if  its  passage  through' 
ower  strata  is  not  interrupted  in  thin  manner,  it  i.i  enabled  to  i 
with  mid  dilute  the  impurities  of  the  air  already  vitiated  and  thoB 
feet  a  larpe  measure  ol'  work,  and  so  when  it  reaches  the  other  (in» 
side  and  llnds  an  outlet  for  its  estaipe,  there  is  no  objection  to  its  m' 
drawai,  and,  indeed,  its  removal  then  is  highly  desirable.  Hence, 
for  annilit-r  reason  tt»  will  ap]>ear,  outle(«  should  lie  placed  in  ii 
walls  lutliiT  than  near  or  in  outer  cooler  ones,  anil  near  the  floor  «1 
they  may  intercept  the  air  before  it  may  ngain  become  a  jiarl  of 
oeilinf;  currents. 

If  but  one  outlet  is  to  he  provided,  it  sliould  be  placed  with  rtC 
ence  to  the  imist  I'ven  movement  of  the  cnrrcnt  over  the  wlwlc 
having  in  mind  the  fact  that  the  air  movement  toward  it  is  conveigl 
and  the  direct  ri-verMc  of  tlie  tlow  frttm  ihudctlcciii)};  and  diOtisiag 
&ce  at  the  iulet. 

As  to  sire,  it  may  be  .'<aid,  in  );eneral,  that  a  iiiugle  outlet,  Of 
agprepite  if  there  he  more  than  one,  should  be  of  such  size  as  loin 
the  possibility  of  removal  of  aueh  an  hourly  air  supply  a.t  the  span 
likely  to  rcipiire  under  llic  ordinary  c<^>nditionti  of  its  usual  oeeu)NilH 
that  it  should  not  materially  exceed  this  limit,  and  that  the  fii 
velocity  of  the  oiitllowing  current  tdioiihl  not  be  productive  of  the 
sation  of  disa(;n'oalile  dninghtLiiess. 

A-f  to  the  shape  of  inlets  and  outlets,  it  is  self  evitlont  that, 
e>      '    TgM,  that  whicli  has  the  smallest  periphery  nnll  offer  tlic 
U)c«  and  is,  tlierefore,  best  adapted.     I'hiis,  a  cil 
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Wng  an  area  wiiial  to  »  ^ijUttrc  fiwt  lift*  a  smaller  jiiTiplicrv  than  a 
■  enclosing  tb^  same  area,  and  a  square  has  u  smullfr  one  tliaii  an 

>ir^  tMtaagle.  Take  fur  iii»taitc«a  mjiiare  foot ;  it  may  be  included 
iboiuulRri«s 


12X12  iiii-hcB, 

II  «(|un  re- 

1«X  » 

WX  8 

«X  • 

sex  * 

oblong  rMtangle*. 

«x  a 

T2X  2 

1«X  1 

tbue  boundaries,  tlie  ]>eripherv  ranges  from  4  feet  (the  8ma]l<^flt) 

W  f«t  2  inclic^^.    The  friotioiml  ri-sistauw  will,  thfrcfyrf, be  grtator 

rtion  as  ihe  shape  vari«<  from  the  circle  and  square. 

ii>  shafts  (.■umiuunicating  with  \\w  ink-ts  itnd  oiitli-(i«  [ii[i»t  bo  so 

in  the  general  plan  as  to  offer  the  leaat  resistance  to  the  inflow 

iiulfliivr  *y{  air.     Uidt^^s  tho.v   an-  nrlilkrlullv   lii.'at(-d,   InU-t  Hues 

not  be  located  in  outer  walN,  on  account  of  the  likelihood  of  the 

ition  of  down  draught-'^  duo  to  <!(H)ling  of  iho  air  colnmn.     Thvtr 

furiscc  should  be  us  ouiooth  cut  possible  in  order  to  bnn};  to  a 

ninum  the  loss  of  movement  due  to  friotion,  and  they  i<hoiild   be 

Incal,  if  poMible,  for  tbi-  same  ri'iison.     They  shuiild  bcr  lut  free  &» 

lie  from  angles,  and  especially  right  angles,  because  of  the  very 

loH  of  motion  which  thew  cause,  eiieh  right  angk  diminishing 

current  about  half;  thus,  after  passing  one  right  angle,  the  flow 

"'  bf  half;  nfter  a  second  angle,  ihc  hiiif  would  be  ri'duecd   to  a 

',  and  after  a  third,  to  an  eighth.     The  neglect  to  take  into  ac- 

l  the  hw!*  of  flow  iiy  friction,  bemlw,  and  aiiglest  in  responcible  for 

ttt  fiuhirc  of  many  a  plan  for  ventilntiun. 

What  haa  been  «aid  concerning  the  irajiossibilily  of  making  general 

Uyr  the  sizes  of  inlets  nnd  outlets  iippHeis  with  eiuul  furcv  to  the 

of  eixea  of  flues,  for  theee  dc|)eiid  upon  the  many  and  varied 

litinns  which,  even  under  th«  Iwst  favoring  circuuHtanow,  oUccl  the 

of  flow. 

'lanning  inlet  am]  outlet<  Hhafit«i,  it  is  to  be  I>nruc  in  mind  that 

ing  more  Is  ne>eej%¥ary  fur  their  proper  working  than  the  dictum 

ihu  one  is  for  frt-.th  air  and  that  one  for  foul,  for  natural  forces 

no  rwp«ct  for  mere  names  and  plans,  and  the  current  in  ;i  flue 

be  upn-ard  or  downward,  inward  or  outward,  according  to  natural 

Outlet  shafts  may  become  oonsiderubly  cooled  by  low  external 

ratures ;  they  may  l>e  invaded  by  rain  and  snow,  the  evaporation 

.vhicli  muMS  cooling  and,  t]ieri'li>n^,  increiiw?  In  gtavity;  or  ihen,^ 

be  an  insuffieiene)'  of  inlet  air,  so  thiit  a  partial  vacuum  is  formed 

\  eurrent  of  one  large  outlet  flue,  which  thereby  ouisci  a  reversal 

tbat  ofa  smaller  one,  to  tliat  one  flue  draws  against  another.     It  is 

aof  one  of  the;^  ouiutes  that  a  chimney  may  fuil  to  discharge 

upwards — ■  drvumstancc  noticed  more  often  In  summer  tluin  in 
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Hechatiical  Ventilation. 

MM^mniciil  vi^iililiilion  ix)[i.ri»t8  in  the  {inipiiliiion  or  vxlractloD  of  girl 
by  means  of  blowers  or  exhaust  fans  (Irivcn  by  slenm  or  elwlriiitj. 
That  in  whioh  the  air  i:<  propelled  by  thi>  action  of  a  blonor  is  kDonnl 
as  Uie  "  plenum  "  system,  uii(]  tho  uther,  in  which  it  is  withdrawii  tija 
exhaii.tt  fan,  is  known  as  the  "  vacuiini  "  8yst4!ni. 

Id  th«  pk'iium  syHlcm,  thv  :iir  i^  drawn  into  a  box,  lu  whiHi  tlie ! 
volving  bladra  of  a  fan  are  lopaled,  and  it  is  then  driven  into  a  cctitn 
ooiiduit  and  frum  then-  thrott^h  appropriate  fhaft«  to  the  i>{m»«f 
which  it  ift  intended,     flTien  it  is  desired,  the  air  may  he  reoeived  T 
or  blown  fin*t  iiiu>  a  chnmbiT  wheir  it  can  b«  hwilcd.     TW  air  sap 
can  be  very  easily  regulated  by  diminishing  or  increasing  the  iniml* 
of  revohitii>nn  per  minute,  but  It  nimuld  .tlwayFi  Ijc  in  i^light  <'Xoea§ai*c 
thv  real  need,  tn  ortler  to  produce  a  slight  ontnard  pressnra,  which  i 
prevent  inward  leakage. 

Ill  the  viicniiiii  system,  th«  air  is  exlmctcd  from  the  viirioii»  i 
thnmgh  pipes  leading  to  a  central  »liaft,  where  it  Li  drawn  into  ihtf 
;ind  diHi-h.-ii-gcd  iiiiiwiirdly.     This  system  has  among  oilier  liUadv* 
tages  that  of  great  inetiualitiea  in  draught  in  the  different  db 
tiibeiii,  and  that  (he  vneiiiini  condition  liivors  the  inward  Icuksgeofc 
uir  through  cracks,  walls,  and  about  windows,  and  tends  to  cansci 
floors  and  diHagrci-ahle  ^rnnll  draugtits  aUttit  windowii.     In  oinHeijiMD 
more  fuel  is  needed  for  the  m:iintenauce  of  a  proper  tempernturc, ; 
the  system  is,  tJierefore,  n  source  of  greater  expense. 

The  ad\'aiitjigT'«  of  artificial  ventilation  lie  in  the  faet  that  the  nljfl 
sought  is  attainable  in  any  and  all  conditions  and  ^'ariations  of  wealh 
and  that  Xvsa  sjmoe  is  required  for  Khat^  than  in  the  case  of 
methods. 

Meclianiial  ventilation  on  a  com])arutively  small  »c«lc  is  ooion 
Ctnploydl  in  crowded  offices  uud  other  spaces  by  means  of  swill  i 
tracting  fans  run  by  the  aid  of  electricity  (connection  Iwing  made' 
the  eli'ctrio  light  »ynt*'m)  in  mpccially  ]irovidc<t  locations  eonncetc<l ' 
outlet  flues,  or  directly  in  a  space  made  by  removing  window  jiaun. 


Artificial  Heating  in  Its  Kelations  to  Ventilation. 

Fint,  for  the  proper  iimlerstanding  of  the  snbiecl  of  hculing  in  i| 
bearings  on  ventilation,  it  it>  in;w»«ir>'  to  tvnsitler  the  dillereni  <Ki 
in  which  heat  is  imparted.     These  are  three  in  nnmltvr:  mdiatia 
conduction,  and  convection. 

Radiation. — li^idinnt  heat  pasi<«s  from  its  source  tlirongli  the  aff  j 
bodies  by  which  it  can  he  absorbed,  transmittod,  or  reflected, 
being  "  transparent"  to  heat,  i»  not  materially  aflected,  and  the  dti 
the  air,  the  less  hcjit  it  will  retain.  It  passes  directly  from  its 
iu  waves,  like  the  waves  of  light,  to  the  obJM"!  ii]ion  which  it  falk,! 
tf  *iio.\  or  ubfiorbed  varies  with  the  nature  of  the 

■ctcr  'it"  its  surface,  and  il«  lem|>erBtiirc.     Ita ' 
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av  variM  inrerselv  ns  thv  ^uare  of  IIk-  iliHtflnce  between  the 
'  and  lli«  pbjent  upon  which  it  falls  ;  thiiei,  tlie  nmoiint  rercived 
hni  objects  I  mill  ij  feel  n-sptctivcly  dititiiiil.  will  be  inversely  as  I 
aad  25;  ai  1  aiid  10  feet,  inversely  oa  1  and  100;  at  o  and  10  feet, 
[hltiwly  R»  25  and  100;  that  if?,  the  ncwrer  will  rewivc  in  the  first  i«- 
'teee  25  times  ;  in  the  Eiecond,  100  times;  and  in  the  third,  4  times 
M  miivh  aa  tlM>  fartlu-r  nbjccl. 

kt  an  instance  of  radiaot  hiiit,  nc  may  take  that  which  proceeds 
^(ma  3D  o|M-n  lire.  The  heat  [laie^en  in  direct  tines  thrungh  tlif  air  to 
ilbvxils,  floor,  cnlin^,  furniture,  and  other  object;?  in  itsjMilh.and  these 
llleotb  some  and  reflect  the  rest  to  other  partii  of  the  room.  It  Hmctly 
nraiK  only  that  »iirfacr  of  an  object  that  \*  directly  opposed  to  it. 

Tlie  objeetB  by  which  il  is  opposed  then  disseminate  it  in  two  ways  : 
k|r  dinihirti'in  an<l  cunvixrlioii. 
CandQCtion. — Conducted  heat  is  that  which  passes  from  one  par- 
iufmailrr  to  another  in  direct  contact,  that  i.*  from  om-  )>article  to 
of  tlie  fame  object,  or  from  one  object  to  another  which  it 
ConduMion  acts  through  all   solid  substances,  hut  by  no 
to    the  same  extent,  some  being  good,  some  tndill'erent,  and 
had  conductors.     The   beet  conductors  are  metals,  and  these 
within  vtrv'  wide  limits;  copper,  for  in:*tftnw,  i%  a  very  much 
oonduetor  than  iron  or  Kiuc.     Wood  is  a  poor  conductor,  and 
ami    frltol   miilcrialH  and  aHhentOH  are   very  bad.       Through 
.  and  gases,  heat  is  conducted  only  to  a  very  limited  extent,  but 
I  it  no  suhjtfliioG  known  Ihal  is  absolutely  non-conducting. 

conductors  permit  »  rapid  How  of  hent  through  their  sub- 
'. ;  bad  oncri,  only  a  slow  transmission.  Good  conductors  relin- 
Iheir  heat  mpidly  to  their  culdcr  snrroiindingx,  whether  iiir  or 
lathing  el.'ie,  and  withdraw  heat  from  bodies  which  are  warmer  than 
ilkliM-lvr7>. 

Co&TectioD. — CoDveetion  is  the  proces.s  by  which  lieat  is  eommuni- 
|(M(d  to  ga.'^rs  imd  litpiids,  acting  through  their  mobility  which  ttcrmit.t 
■  tnrte  which  have  been  enpsindwl   by  reason  of  Ijcconiinj;  heated 
[b  aiftpla^Hl  upward.^  by  cooler  piirtions,  which,  in  their  turn,  re- 
l»cat,  give  way  to  others,  until  the  whole  mass  becomes  raised 
Dperalure  by  continued  application  of  heat  and  consequent  main- 
Dcv  of  eirculutiun. 

Ksrm  bo<ly  with  which  air  comes  in  contact  comnuinimtes  its 

l>i  ilwiH'  portions  in  it^  immcdiati!  vicinity  ;  theiiie  expand  and  arc 

oawarrU  by  tb«  cooler  heavier  jiarts  nearest  them ;    these  in 

'  turn  give  way  lo  others,  and  convection  currents  are  establUhed 

an  extent   ttuit  the  airuf  a  room  takes  on  a  very  conij)] icatvd 

r»ctivity. 

iveetjon  currenu  are  c«tabli»lic(]  by  every  ]>crsoii  in  a  room  m 

a  th«  tcmpentnrc  is  below  that  of  the  body.     They  are  estab- 

by  (he  warmed  wall*,  flnnr,  fiir»ilure,  hot^watcr  pipe»,  steam 

jre,  cloee  stoves  and  other  warm  objects  and  in  this  way  the  air 

h«*tMl.     TIh:  air  which  ent«n  rooms  thnmgh  shafts  com- 
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miinicaling  with  the  air  clmmlien  of  rumncojt  iiiwl  "  indirect  radialiot 
appuraturieA  uro  convection  currents  in  the  lai^i>at  sense.  Thf  <\in 
niy.t  of  tJic  fliin,  |>ii.iflit))r  iliroiigh  windowK  ana  ah^rbMl  by  tbedooi 
wul^  anil  i^tlier  obj(^.-t§  iviiicli  they  strike,  also  cause  upward  oonnt 
tion  currents. 

Methods  of  Vfaxramg. — The  principal  methods  of  beating  hnini 
and  rooms  are :  1.  0|>en  firea.  2.  Stoves.  3.  Furnaces,  4.  Bo* 
wnkT  pijH-i*.  5.  St^'uni  pip<».  The  method  »io*t  npplitable  Id 
particuhir  ease  will  depend  upon  the  size  of  the  room  and  the  aunl 
of  rooms  ill  the  building.  In  g<-ncral,  it  may  be^itated  that  thesinalh 
the  space,  the  more  simjtle  the  method.  For  a  single  room,  to  v| 
fire  or  a  ^tove  will  be  quite  siifEcient ;  for  a  small  noufte,  stons  or 
furnace;  for  a  lar^  one,  one  or  more  furnaces  or  hot-water <ic*l«*i 
apparatus;  and  for  large  buildings — office  buildings,  for  inataui 
"direct"  or  "indirect"  stcuin. 

I.  Open  flres. — Pracdoally  the  whole  of  the  heat  supplied  byan  ope 
fire  i»  radinnt.  If  thofnel  i«  held  in  a  grate,  there  i»,  of  emiT«f,acM 
tain  amount  of  conduction  from  the  bars,  and  of  convection  cumot 
in  IJit>  air  in  it.s  immediate  vicinity.  But  rhi.t  onndticted  and  ranvecit 
heat  does  not  get  out  into  the  room,  because  it  is  immediately  carnc<i 
the  flu4!  by  the  draught  of  the  rhimney.  The  radiant  heat  ia  absortx 
rpflcct^xl,  and  distributed  in  the  manner  already  dewribed,  but  racht 
directly  only  those  i<urfaoes  which  are  opposed  to  its  sonree— whJdi 
coiint.-<  for  ihr  saying  that,  in  u  cold  room  witii  an  ojicu  fire,  "one  ai 
roasts  while  the  other  freezes." 

Only  a  ^inail  part  of  tlie  total  heat  of  tlie  fuel  consumed  'a  vni 
able  for  beatiiig^  since  most  of  it,  about  seven-eighths,  is  carried 
onoe  up  the  chimney.  An  open-fire  stove  such  a.t  the  old-fashioD 
"  Franklin,"  which  stands  out  in  the  room  and  is  connected  witlit 
flue  by  stove  piping,  yields  a  large  amount  of  its  beat,  since  the 
terial  of  it«  constrnctiou  is  hcntcd  by  oonduciioit  and  tJieo  givuit 
to  the  air  by  convection, 

Ojien  Kro*  eJinse  tiwj  introduction  and  removal  of  large  vcilunm 
air,  but  these  are  by  no  means  always  well  mixed  with  the  whole  B 
of  contained  nir.     Ncvertheli'.4.-<,  a  largo  measure  of  venlilatioa  la 
complishcd,  a  certain  amount  of  heat,  ]>crbaps  sufficient  for  ini 
ate  needs,  U  given  off,  and  tliere  is  also  no  unmeaaurable  additko 
tlie  general   checrfid ni-ss.      They  in.iy  cnuw  too  much  <lniugbt  a 
tiiey  are  certainly  not  economical,  but  as  accessories  to  other  heatii 
method."*  they  may  be  mo^t  n«eful. 

'2.  StoT«s. — Close  stoves  have  more  direct  results  tn  heating  m 
loss  in  ventilating  tlian  the  op<^n  fire,  for  more  of  the  beat  pn>dueed 
available,  and  they  discbarge  into  the  chimney  only  the  air  vol 
that  have  passed  through  them.  The  materials  used  in  tlieir  coostn 
lion,  iron,  soaptttone,  brick  and  fireclay,  conduct  the  beat  and  pw 
off  ti>  the  air  with  varying  rapidity ;  ca.<it-iron  jHelds  it  about  as  rtfw 
aa  it  is  received,  wmp»[ouv  aud  brick  give  it  off  ouly  gradually,  but 
a  longer  period. 
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Wlien  coat-iron  liecointM  rod-liol,  it  mny  be  »Icci(1wlly  objcctional)le 
for  two  reasons:  lirsi,  that  the  orgaoic  dtul  iiarticles  in  ita  immediate 
vicinity  lx-n>mi-  c)mf i-itl  uml  vivid  udor» ;  and  swuiid,  (Imt  il  »)n<i>rt)K  nnd 
trunsmits  con^derable  carimn  monoxide  I'pom  bumiog  coal.  Stoves 
tiuy  be  ao  arranged  us  to  uot  not  hUhic  &*  hoat«m,  but  an  v^intilatiRg  ap- 
iviratiucs,  aud  tins  fact  \&  of  very  great  vultie  in  the  cuso  of  email  scliool 
buildings  in  the  cnuiitry  di:ttrictit.  The  .itove,  .-iUinding  nut  in  the 
room,  may  Ix*  siimiuoded  bv  a  cylimlrical  jufket  from  the  floor  up- 
ward, leaving  a  ^ufKcient  air  .-ipacu  Iwtween  the  two.  Through  the 
floor  within  the  eiiclosun.',  is  an  opening  into  an  nir  duct  communicat- 
ing with  the  outdoor  air.  The  heat  of  the  stove  is  coomiunicated 
t>»  the  air  Wtwccn  the  lad^r  and  the  jarkot,  «nd  .in  upward  currriit  is 
forniGd,  which  draw^  upon  the  fri'sli-air  conduit  so  that  a  constant 
curreDt  of  warmed  pure  air  U  thrown  into  the  room.     (See  L-'ig.  -13.) 
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Tt  goes  without  saying,  that  here,  as  elsewhere,  the  iucomin^  air  must 
l)v  t&ken  from  points  where  it^  impurity  auinot  be  interfered  with  by 
local  conditions. 

Gas  fltovvs  and  oil  stovCiS  have  tlic  iwlvantage  over  others  that 
they  are  more  prompt  in  reaiilta,  more  easily  oontnilli-<I,  and  more 
quickly  put  out  of  u»c.  Th^^y  have  the  disadvanlugc,  however,  that 
the  products  of  their  fuel  combunlion  arc  discharged  directly  into  the 
nir  of  the  room.  In  the  ciLie  of  the  oil  .ntove,  thi.-«  i»  not  »uch  a  ncrious 
matter,  since  the  perfect  comhustion  of  good  oil  results  in  carbonic 
aoid  and  water,  hut  with  gas  the  pi-oducU  nre  mure  numvrons  nnd 
varied  aud  include  mjme  that  arc  trritnting  and  poisonous.  With 
proper  ventilation,  however,  in  the  case  of  hoih,  no  liarm  will  be  done. 

3.  romaces, — Ilotr-uir  furiini-en  are  not  only  of  very  great  importance 
as  heater.-y,  lint  of  enormous  influence  in  ventilation.  In  their  use,  the 
cold  outdoor  air  is  brought  in  by  a  conduit,  the  "  cold-atr  box,"  to  a 
27 
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ohamber  in  the  upper  part  of  the  furnace,  above  uiid  surrounding  the 
"domi',"  where  it  conies  in  contact  with  the  very  hot  Mirfam*  and  ia 
bested  by  oonvccliuti.  Thi^ncv  it  paiwttM  upwarrU  tlirough  M.'[mmt<*  tin 
tubc.t  to  the  sevc-nil  places  for  lis  discharge.  In  a  houi^-  which  is  un- 
provided with  special  inlel  and  outlet  flues  for  ventilation — nnd  mwl  of 
our  houses  are  so  constructed — a  fnniace  of  ordinary  heating  capacity 
[wrfurnw  nn  amount  of  ventilating  work  <iuite  »nflieiont  for  all  need?, 
and  for  which  it  rarely  receives  any  credit. 

It  dieehnr^e-'i  iuUi  tlio  viiriuti^  rooms  n  constant  Rupply  of  wanned 
fresh  air.  Wh^re  nnd  how  it  all  escapcH,  it>  a  matter  of  only  »«x>n<Itiry' 
tDt«roit  and  im)>ortance,  for  it  ^ts  out  wherever  it  can  lind  it»  way. 

4.  Hot-water  Pipes. — Hot-water  heating  de|)end6  upon  the  drculi- 
tJon  of  water  by  convection  currents  through  a  system  of  pipes  which 
may  extend  all  through  n  Inrge  ^i/cd  buihling.  The  water  is  heai<-<l 
in  a  boiler  below  and  passes  through  a  main,  leading  from  the  np|»er 
part  theriiif.  A»  one  fiortion  of  wnter  eoHies  in  contact  with  the  heat- 
ing surface  and  expands,  it  is  moved  along,  and  the  circulation  be- 
comes CJ4tal)lir<h(Hl  jnst  a*  with  iiir.  Tht^  "main"  giv<M  <rtr  bnineln'S 
vbere  nccdetl,  and  these  at  their  extrcmitieti  turn  back  and  become 
"  returnji,"  which  eventually  coniK-i:t  with  each  other  and  form  the 
"mwn  rcturu,"  wbicli,  convoying  the  cooled  water,  cntcn  the  boiler 
at  its  lowest  {wint. 

The  first  piirt  of  this  system  may  be  compariil  with  the  arteriii-, 
and  the  '■  returns,"  with  the  veins  of  the  body,  A'enta  are  provided 
for  the  csciiiw  of  dissolved  air  liberated  from  the  wBtor,  nnd  "cnt- 
ofls"  are  inserted  for  the  shutting  out  of  any  part  of  tlio  system  ae 
desired.  It  in  very  neccwwry  thnt  air  should  not  Iw  allowed  ton^ 
cnmuluto  in  tlio  pipes,  since  it  will  Htop  the  flow.  In  low  pressure 
systems,  a  small  cistern  is  provided  In  allow  for  the  expansion  of  tlu> 
water  and  to  prevent  its  overflow.  The  hot-water  system  may  be  of 
either  high  or  low  pressure.  With  high  pressure,  the  pipes  are  smaller 
and  necessarily  stronger,  and  the  water  is  heated  to  n  considernhly 
higher  temperature  (ItOO**  F.)  and  hence  circulates  more  rapidly.  With 
the  low-p«;»i*uro  .system,  tlit-  water  does  not  go  much,  if  luiv,  abi>ve 
212'*  F. 

Witli  the  hot-water  system  of  healing,  the  air  U  heated  iiiaiitly  by 
convection,  though  from  polished  pipes  u  certain  amount  of  radiation 
occurs.     With  high  prefi,^ure,  the  air  may  he  ((nile  easily  overheated. 

o.  Steam  Pipeti. —  In  stcimi  hentiug,  (he  system  is  very  like  thnt  of 
hot-wuter  heating,  except  that  sleum  is  the  circulating  medium  iiuleftd 
of  wat«rr.  With  steam,  nnd,  indeed,  with  hot  water,  hcnt  mny  be  dis- 
tjribut«.'d  by  the  ■'  direct  "  or  "  indirect "  methods.  In  the  "  direct  " 
method,  the  pipes  are  diritributed  viihtn  ther<])ar>e  to  Ih;  heat4'd,MicIthc 
air  of  e«ch  room  is  heatcil  separately.  In  the  "  indirect"  method, the 
heating  surfaoes  are  all  nmcenlrnled  in  the  lBi.-<eine»t  and  nrc  enclcMMl 
in  galvaniiced  iron  conduits,  which  receive  and  conduct  tbe  air  just  as 
in  the  c«c  of  the  hot-air  furimw.  The  two  methods,  it  will  he  noticed, 
vary  widely  in  tlie  matter  of  assisting  ventilation  ;   the  direct  brings 
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in  no  iiir,  Ijwt  heats  that  whidi !«  nt  linml ;  ilio  Imliri'ct  brings  in  lurg* 
volumes  of  h«utc(i  t'resli  air  ami  thtix  iiisiircii  change  of  air. 

In  conclusion  may  be  menlioned  the  conitt([unibl<t  hcRtin;;  and 
circulating  iuBuonou  of  burning  itliiminating  gus.  By  m^anR  ol'  suit- 
able iMitleU  above  Uie  burners,  gai^  may  l)e  mmV'  not  only  to  dischnrgo 
the  products  of  it»  uwu  conibu^tiuii,  but  to  semi  out  large  volumes  of 
othervi'iite  vitiate  air  as  M-ell.  Xor  is  the  heat  of  the  s^un  so  itidignili- 
cant  that  it  inny  be  [>nMF>c<l  by  without  noti(.v  in  the  planning  of  aya- 
lema  of  ventilation.  Inasmuch  as  the  difTerenee  in  temperature  of  the 
otil«ido  nir  on  the  iiortli  and  Month  sides  of  a  liousi-  averages  about  fivo 
and  may  reach  ion  degrees,  just  that  amount  of  advantage  may  be 
gaint-d  by  taking  the  air  for  veutihtlion  from  the  warmer  side.  In 
gravity  ventilation,  the  inlete  ahutild  be  where  they  may  face  the  pre- 
vailing winds. 

Beeriila'tion  of  Temp«ratare. 

In  carrying  out  any  scheme  of  efficient  ventilation,  it  Ih  necessary 
to  guaitl  agniuHt  overheating,  wliicli  may  not  be  noticed  until  it  be- 
ootnes  9o  marked  that  it  cannot  help  altraeling  attention.  When  .lueh 
is  tl»e  case,  the  common  pnu'liif  i»  li>  eauw  a  lowering  of  the  teni- 

Semture  to  the  desired  point  as  soon  as  possible  by  opening  win- 
ows  to  let  in  tJie  «)Ulcr  air.  The  conneqnencv  is  the  production 
of  a  distinctly  cold  atmosphere,  more  »o  thap  is  ordinarily  ehon-n 
by  the  thermometer,  which  doe.t  not  react  very  promptly  to  sudtlcn 
changes.  This  produces  chilly  sensittionis  which  Ciill  for  a  return  to 
tli«  original  conditinn.  In  tlie  meantime,  a  lot  of  heat  has  Iwen 
wasted  aud  the  foundation  for  a  ould  lias,  perhaps,  been  laid.  If 
windows  are  left  open  in  the  upper  stories,  as  often  happens  in  over- 
heated buildings,  thcri-  is  constant  outflow  and  waste  of  heateil  nir  with 
a  oorresponding  inflow  of  itnwarnied  lur  below,  whieh  requires  the  ex- 
penditure of  lulditional  fu<^I  in  order  that  the  lower  stories  shall  be 
properly  warmed.  In  overlieiite<l  builiHtigs,  there  is  also  the  additional 
lom  from  outward  leakage  through  all  posnible  outlet  channels. 

To  prevent  wiiste  of  hwit  in  pr(i]KTly  heated  buildings,  we  have 
reooarse  to  double  glaring  and  double  windows.  Double  glazing  is 
aocomplishcd  by  lilting  two  panc-t  into  t-aeh  "pace  insteud  of  one,  wilJt  a 
space  of  a  quarter  or  a  half  inch  between  tlicm.  By  this  means,  the 
loM  of  beat  liccurring  through  ordinary  window:*  is  r<.^diieed  about  one- 
third,  whieh  meanij  a  SEivlng  of  considerable  fuel,  sinee  the  loss  of  heat 
by  condiieiion  through  gla.-u  windows  i.s  very  considiTrilile. 

Double  windows  arc  still  more  elfieient  ii*  heat  savers.  Here  the 
outer  window  is  made  to  lit  as  accurately  and  closely  a.^  jiosnible  by 
the  use  of  listing,  and  we  have  between  tlic  two  windows  a  fairly  deep 
space  fiUeil  with  air,  which  is  a  very  poor  conductor  of  heat.  It  is  on 
the  ssiiie  principle  that  we  use  loosely  woven  woolen  goods  and  furs, 
which  hold  within  their  meshes  and  hairs  a  large  amount  of  this 
poor  con<hictor.  The  I<ihs  of  heat  through  walls  i.s  lussi.-ned  when  u 
Mmilar  air  space  exists  within  them  ;    a  solid  wall  will  conduct  a  veiy 
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]arge  amount  of  lu-tit  iinti  wiule  it,  while  itw  saini.'  iimouiit  nt  twiildii 
materia],  or  conaitteriibly  less,  caii  be  mj  dUpoiscd  as  to  bring  thi^  la 
down  to  a  niiniirmin. 

Ijoss  of  heat  is  csiusmI  also  by  dunipncss  of  walls,  ft»  a  contiiia 
evajionition  gooji  on  from  their  surface,  and  thi»  requires  h<-Jtt  ami 
doceacooliD^.     Every  ounce  of  moisture  no  vaporized  reiiuim 
consumption  of  extra  fuel. 


Necessity  of  Providing  Moistare. 

Oonwrning  the  nwd  of  insuring  a  normal  amount  of  raolsiiire  in  i 
«ir  of  hcjlltiig  brii!<liii>^,  tUvrv  h  more  nr  Uw«  dlffiToncf  of  o|nitiiiii, 
the  weight  of  evidence  from  a  medical  stand|)oint  and  from  oar  on 
Aen^atioti:*  point--<  to  lh«  ndvisH-biiity  of  introducing  an  amounl  of  idihi 
ture  sufficient  to  briug  the  relative  humidity  of  the  air  to  ."jO  or  55  ] 
cent. 

The  lower  the  temperature  of  a  body  of  uir,  the  less  the  aiiHuaK 
moisture  it  can  hoM,  and  what  would  be  .'Saturation  at  a  l<tw  lemp 
tnrc  would  be  bul  «  very  low  n-liitivu  Iiuuiidity  at  a  hijjli  one,     F(i 
inetaace,  a  volume  of  air  at  U"  F.,  conUtining  its  fullest  poetsihie  amou 
of  ni^neou.-*  vapor,  udtnitti'il  to  the  oild-air  liox  of  a  furnace  ami  l' 
heated  to  S-'i"  V.  before  being  conducted  to  the  rooms  of  a  house,' 
havp  at  its  new  tc^mpi^mture  hut  a  very  small  relative  humidity, 
will  he  Ko  much  drier  tluiu  any  outride  air,  thnt  that  of  the  driest  i 
mate  in  the  world  will  t>e  moist  in  enniparison.     The  preot  raajori^ 
of  U.  S.  Signal  Serviee  Stations  have  a  mean  relative  humiditr  of* 
to  7n  per  c*nt,;  only   '2i  show  below  flit  or  over  80,  and  ih*' 
lowoi^t  is  in  the  hottest  pari  of  Arizona,  where  newspapen  cnici: 
handU>d,  glued  furniture  falls  apart,  nud  the  skin  becomes  hard  *ud  i 
At  this  plaee,  Fort  Yuma,  tin-  mean  relative  humidity  is  -i-y  [wn 

When  outdoor  air  is  lie:iied  so  as  to  maintain  an  even  loinpcniO 
of  70"  v.,  bm  with  no  addition  of  watery  vapor,  itji  cnpaeity  fori 
sorbing  moisture  is  very  much  increased  and  it  will  take  it  up  fmat 
moist  objects  with  which  it  comes  in  contact.  It  will  take  it  fronl' 
Kkin,  fntin  tin-  mucoid  membraucs  of  the  mouth,  n'>sc  and  resjHrsli 
tract;  from  furniture  made  from  wood  which,  in  the  process  off 
drying,  was  never  brought  to  sncli  dryness ;  fmm  the  leather  bin 
of  valuable  Ixmks,  euusing  them  to  eniek  and  fall  to  pieoesiaadl 
plants  which,  in  conseijuence,  wither  and  die.  It  thus  aiuscs 
less  dryness  of  the  ^^kin,  irritation  of  the  throat,  and  cough.  Itt 
also  need  of  a  higher  temjierature  to  pve  the  same  sen-tation  of  i 
und  cumfort  thiiu  is  the  eiise  with  air  containing  a  normal  amoHntj 
moi»tnre. 

It  is  onaocountof  thedisagiwahleund  destructive  cfTectsof^ 
dryneM  that  water  boblers  are  attjiehed  to  furnaces  and  stoves  so  i 
give  moisture  to  the  heated  air.     Hut  even  when  any  attention  b| 
to  keeping  them  full,  which  is  not  otk>n,  they  arc  very  inadeqintSj 
the  purpose. 


lluiuicLiftor. 


Liriit  25^  F.,siit(irHte(l  vrilli  moUture  and  then  hentcci  to  70°,  would 
tK«d  over  a  ImlT  pint  of  walor  in  I'very  (Inin^uiil  eiibii;  ft'd  |o  fpvc  it  n 
linniidily  vf  ti>5  per  cent.,  and  lliia  is  far  in  osccss  of  the  capacity  of  tho 
ordinarr  wat«r)xit  of  the  furniii-c,  m  is  svvn  w\icu  wv  reckon  what  half 
u  pint  {»cr  thoiiiQiiid  ctibio  feet 
tn«ans  in  the  course  of  a  day.  f'"'  -H- 

Moinliirc  ean  Ik-  imiarted 
to  the  air  by  exposing  imns  or 
[tomn.t  veseteU  of  water  to  llic 
heated  current,  or  by  means  of 
the  "humidifier,"  whieh  ex- 
poses to  the  air  jiaiisin;; 
through  the  rv^Hler^  a  siiH'ace 
of  cotton  wiekiog  eommunicnt- 
ing  with  a  reservoir  of  water. 
(See  Fig.  -ll.)  With  tliis  de- 
vice, Dr.  II,  J,  Itarueij,  of 
Boston,  reports  Umt  ht-  if  able 
to  keep  his  office  at  o-'t  per 
cent,  rehitivi'  humidity  hy 
evajmnitinp  an  average  of  four  and  a-Imlf  (juarts  of  water  per  day. 
At  th^*  same  time,  he  iindi*  a  ttmiiHTiiturc  of  ti^i'*  to  be  perfci-tly  coni- 
fortnble  where  before  he  had  required  70  or  71°. 

On  a  larger  scale,  water  may  be  va|>orixcd  into  the  air  iu  the  form  of 
SlCAin  from  a  boiler.  lutbe  buildin^uf  the  Americiin  Itell  Telephone 
Co.,  in  Boston,  a  building  having  a  cubie  ciipaeiiy  of  4.50,on(t  eubic 
feet  nml  a  day-time  [xipulutiun  of  over  4'iO  persons,  the  nir,  whicli  is 
distributed  by  the  mechanical  system,  is  drawn  into  the  building  at  the 
mte  of  26,000  ciibie  feel  per  minute,  healed  to  alxmt  100°  F.  in  the 
stack  room,  and  moistened  so  as  to  oonlain  about  'lO  per  cent,  ndative 
huini<lity.  For  (he  prtHluctloM  of  thi^  eoudition,  no  Ichi^  than  f>7-'>  gal- 
lons of  water  in  the  form  of  steam  are  given  to  the  air  in  10  hours,  or 
about  one  and  a-half  barrels  per  hour,  ('ertaiii  |uirtit  of  the  bnildiuf^ 
whtcli,  before  the  adoption  of  this  process,  had  been  heiited  with  some 
difficulty,  are  now  made  more  corafljrtahlp,  and  in  the  whole  building  '.1° 
lf»  heat  an^  reqnind  for  the  mairilennnceof  an  iigreeidile  lempeniturc. 
Aecording  to  Mr.  C.  .1.  II.  Woodbury,'  under  whose  direction  the 
plant  won  installed,  "another  feature  iu<lictiting  the  grenter  comfort  of 
the  building  was  the  abi^enec  in  winter  of  the  coughing  by  those  em- 
ployed there,  a  eougb  of  the  hronohinl  kind  or  fmni  tlie  brynx,!!  cough 
which  en<lE  with  a  squeal,  whieh  is  !^o  prevalent  in  Xcw  England  dur^ 
ing  tlie  winter,  i-.-<pe(:ially  in  those  employed  in  ntficc^." 

FiltratiOQ  of  Air. — Here  may  tie  given  an  instance  of  the  benefit 
derived  from  filtering  large  volume.*  of  air  introduced  into  a  building 
for  purpose-^  of  ventilation.  In  the  building  tibovo  mcntiuued,  the  air 
is  drawn  into  and  through  a  system  of  large  cotton  hogs  .'JO  feet  in 
tengthf  in  which  all  dirt  nud  <Ui»l  niu»t  l>c  retained.     About  a  peek  per 

■  Tntiunctioti*  of  ihe  N«w  En^lnnil  Cuttuii  MAriiifacliiKrvi'  AMudnllun,  \'ot.  63. 
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month  ifl  separated  In  this  way  from  the  air,  which  i«  drnwii  not  {riia| 
tlie  i^troct  level,  but  far  ah»vv  il.     An  aualysis,  chemical  and  oiicR 
scx>pical,  made  iti  April,  1897,  showed  22.67  \n:r  cvnt,  i>f  oi^gunicf 
77.33  ol'  inorganic  ina(t(-r.     The  material  consisted  of  all  maaiKri 
animal,  mineral,  and  rsgeiahttr  riub«tan<.v«  (inliniirily  prctcnt  in  tbed 
of  large  eities. 


Detennination  of  Eates  of  VeDtilatioo. 

Till?  estimation  of  the  amount  of  air  entering  and  leaving  a  ] 
throngli  inlt-t  ami  outlet  flui-s  U  a  very  simple  matter,  but  the  ; 
may  nnt  hv  accepted  as  an  indication  of  the  efficiency  of  vciililatio 
RJnce  it  so  often  liaj>|>en*  that  much  of  the  eflluent  air  has  failed  toj 
form  it«  full  duty  in  diluting  the  irapuriticv  arising  fnim  respiration : 
comhu»tion.     XevertlielesH,  auch  a  determination  may  yield  Imgi 
iitdicatiuiis. 

■  la  order  to  ascerlain  the  volume  of  air  passing  through  an  oj 
whi'lhtT  inlet  or  outlet,  it  is  nucessnrv  to  know  the  aiva  of  the  qb 
and  the  velocity  of  the  current.  The  former  is  easily  calc 
arithmetically  ;  the  latter  can  be  found  only  by  the  u^e  of  an  anc 
otcr,  an  instrument  uf  very  delicate  construction,  which  rtgitteni 
distance  traveled  by  a  current  of  air  in  any  period  of  time  do 
which  it  is  exposed. 

A  current  of  air,  pa.'uing  through  an  ojiening,  \\a,^  not  the  sanw^ 
locily  at  nil  points  of  itn  cross  sctaion.     It  moves  in  the  same 
ner  as  n  river — faster  at  its  center,  where  it  is  least  subject  to  the  iilo 
enoe  of  friction.     Therefore,  thi-  velocity  must  be  taken  at  diffm 
points  and  the  mean  of  the  results  accepted  as  its  true  rate  of  niov 
ment.     The  anemometer  iit  h(.-ld  for  a  given  time,  say  half  a  mian 
at  a  point  at  the  i>eriphcry  of  tli«  opening,  and  then  moved  nkofj 
short  diritanco  ana  held  for  an  H|nal  period,  and  fto  on,  from  point  f 
[wint,  nritil  the  whole  area  has  been  fairly  traversed.     The  radtii|t 
the  instrument  is  then  noted,  and  the  distanee  indicated  is  dividd  1 
the  nninbcr  of  puJnlK  where  stops  have  been  made.     The  ■juoti" 
equals  the  distance  traveled  by  the  whole  current  during  the  anil ' 
time  employed. 

Il  will  be  found  most  commonly  that  the  mo\'ement  at  the  pcripb 
is  very  fliow,  and  that  as  the  center  i*  approached,  the  velodty  1 
greater  and    gRMitcr,    the   maximum   being   attained   at   the 
Knowing  the  average  movement  in  feet  or  meters,  the  volume  isi 
lated  by  multiplying  this  by  the  area  in  square  feet  or  ir^guan; 
the  product  being  the  volume  in  cubic  feet  or  ctibic  meters 
during  the  unit  of  time.     From  this  result,  the  volume  per  Iwwi 
easily  made  known. 

E.\.\MFi.K. — The  stxe  of  the  o)Kning  is  2  by  3  feet;  the  ansij 
therefore,  6  stjnare  feet.     The  anemometer,  held  at  24  points  Cwl 
seconds  each,  registers  228  feet.     The  mean  of  this  i^  !).5  feet,  aodj 
current  is  moving,  therefore,  at  the  rate  of  38  foet  per  minute. 
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iwetion  nf  the  current  bning  t>  Kijiinre  led,  the  volume  discharged 
DtDDte  c<(iiiiU  6x:t)4,  ur  'ii^  cubic  feel,  and  In  aa  hour,  13,680 

By  di-tcrminiug  t4ic  rate  of  dUchargc  through  ail  inlets  and  outlets 
b  this  manner,  aa  idea  ia  obtained  of  the  amount  of  venUlation  oceur- 
n^g  throiii^h  means  provided,  but,  o*  Iiiim  been  stated,  not  of  itd  cffi- 
(Mcy.  The  sum  of  the  inlet  discharj^e  will  almost  never  agree  with 
ikil  iif  till*  imllitl,  Hiiicc  much  nir  fiitei's  nuii  leiivos  ;)  rooin  tliroii^h 
Mim  openinfpi.  Knowing  the  cafiacity  of  the  room,  wo  leurn  from  the 
htoant  of  inlet  nir  the  numlx^r  of  time.s  the  air  of  the  ro<^>cii  hiLt  been 
«pbnd. 

I  Tbe  fall  tuesstire  of  ventilation  and  ittt  efficiency  can  be  very  closely 
Jitcrniineil  by  nietliodw  originated  by  I*ctteukofer.  One  of  thoHc  eou- 
Hs  in  first  creating  an  unusual  degree  of  impurity  either  through 
■fiiratioa  of  n  birgr  number  of  }K>r»on«,  as,  for  iitMtance,  by  children 
iKnpying  a  schoolroom,  or  by  burning  a  nunitwr  of  candles,  or  by 
Hhcr  clK-mic-nl  ]inni«.t»i'!',  then,  ftfti-r  tsikinjj  a  spccitiien  of  the  nir  for 
Wtbu,  keeping  the  room  closed  for  an  hour  or  two.  At  the  expira- 
jfamf  tl>ealli>iit:d  lime,  antMnnd  sample  ih  taken, and  from  the  n>Hult8 
If  the  two  analyses,  the  rate  of  votitilation  ia  ascertained  by  meiins  of 
S%  formula,  which  is  as  follows  : 


a=i9(»3ai.  loK  ?^--. 
ft  —  " 
C  ^ftmount  of  nirwlikh  hoii  cntsrod. 

K^<a]iavit7  a(  thr  ruocn. 
ft  -=  anouet  of  CO,  origitmll;  jirracnt. 
f^=:ajnoant  of  00,  *t  (h«  «ri^  of  llie  exp«riinenl. 
•  =:  uncuul  oT  CX),  in  thu  citvnial  air. 

iPi.E.— The  air  of  a  schoolroom  of  600  cubic  meteri^  capacity, 
imoclating  •$  1  children,  fountains  at  the  end  of  the  seiwion  1 8.5  cc. 
,iB  IO,0<K),  or  O.OOISo  :1,     At  tlie  end  of  an  hour,  a  second  analy- 
8.-1  ce.  ex.),  in  lO.tWOor  O.OOO80  :1.    The  outer  air  contains 
.CO,  in  10,000  or  O.OOOaS:!. 


C«tMSXMOXlojt 


0.0011)5-0.00080 


'  o;oObB5— O.00TO6 

=  ""■*><'"«  0.0W 

=  11&1.&XIuk3 

=  1161.6X0.4771213 

^H0.4  cabtc  matorK  of  ttlf  la  an  hour. 


,the  sir  of  the  room  is  renewed  but  once  and  a  tenth  per  hour, 
tdie  malt  shows  that  the  per  capita  ventilation  i.-«  about  a  liftli  of 
;  it  should  be; 
■■  other  method  oon^iats  in  imparting  to  the  air  of 'a  room  acontin- 
Mr  supply  of  CJirlxmio  aciil  by  means  of  burning  uuidle^,  and  making 
ariodical  analyses  of  the  contained  air.     He  employs  candles  of  pure 
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Bte*riD,  Dti^  jrrnm  of  which  }iel<lB  1,404  titers  of  the  ^m.  \  pRllmi-l 
nary  Aimlyr'iA  ol' tht^  air  iit  tntiAe  and  tlien  a  niimbi^r  of  the  candleE,  tiiel 
cooihined  wdght  of  wtitch  is  noted,  arc  pinced  about  the  nxim  aid 
lighltsl.  At  stated  intcrvalti,  the  room  ia  entered,  and  after  the  ue 
has  been  well  mixed  by  vigorous  fanning,  sampk^  arr  taken  for  amJH 
«i.t,  Ai  tt>e  end  of  the  experiment,  the  candles  are  put  out  and 
vfi'igherl,  and  from  their  lus*  in  weight  imd  tlic  resHltji  of  the  analrt 
ihe  amount  of  ventilation  is  calculated  by  means  of  a  most  comiiliale 
fonnula  deviiied  hy  Hngc-nlMoh. 

Other  methods  have  been  propose*!  by  Recknage),  Petri,  and  olb 
but  (hfy  iircseiil  no  H<lvftntagci*  and  are,  in  general,  so  complioU 
that  in  the  hands  of  other  tluiD  expert  physiciifts  they  arv  quite  luele 

Section  3.    LIOHTINQ. 

Nataral  Lighting. — In  natural  ttghiing,  the  light  enters  thai 
direcllv  or  by  rejection  through  the  windowi-,  and  is  then  iffiMtMi 
different  [Mirls  of  the  interior,  which  reoeivc  diRerent  atnountEoflig 
according  to  drcumstances.  Thus,  while  and  light  colored  walls  f 
find  nrtioiesof  furnllnren-flcct  and  disiierse  the  light,  while  dark  will! 
draperies  and  other  objects  absorb  it.  Large  rooms  having  hut  i 
window  area  and  all  roomit,  however  generously  provided  tiierewU 

Fict.  46. 


-       .  -.-'   f 


^ 
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looking  on  narrow  alleys  or  streets  in  which  the  opposite  building) 
so  high  that  the  ^ky-angle  \»  amall,  ranaot  lie  nniformly  illniniaatt^ ' 
dilTiiscd  iluylight  wilhoiil  some  ni^si^lancc. 

:  means  employetl  are  exceedingly  Mmple,  and  the  di!«!0«tjj 
'  this  ptirpo««  wa«  due  to  chance,     la  order  to  ob 


Pio.  40. 


Vte 


tliP  vi«w  into  fnctory  workrooms  from  the  out«<Ip,  and  to  lessen  ilie 
temptation  to  operatives  to  waste  lime  in  looking  oni,  rililH'il  glii«!* 
was  inirotliiwd  insU-utl  of  onliniiry  gliiss  for  use  in  windows,  anti  it 
was  noticed  that  not  only  was  the  do.iired  p»d  attained,  Imt  thnt  tlie 
light  from  tliu  tvindovrit  wiw  proji-otvd  fitrtluT  into  the  nwnis,  and  to  suih 
an  extent  in  some  iii^itanees,  thnt  artilicinl  lightrt,  required  Itetore  in 
the  brighteM  jiart  of  tlic  diiy,  conUl  lie  disjieiiM-d  with.  Allenlion  Ik- 
Ing  tliiH  drawn  to  the  groat  advantage  and  saving  of  expense,  »  num- 
ber of  diBeivnt  kind.-*  of  glaan  with  uneven  :*iirliiee  have  licen  plueed 
upon  the  market  and  have  eome  into  very  extensive  use.  The  beet  of 
these,  which  is  the  most  espensive,  is  known  as  "  prisinatir  glasw  "  fnun 
the  flirt  liml  one  surface  eonsists  of  a  series  of  prisms  runninj;  horizon- 
tally. The  entering  light,  in)*tead  of  falling  direetly  to  the  floor,  18 
tipped  up  and  project^l  toward  the  opjH)sit<-  sideH  of  the  room,  us  sfaotvn 
in  Fig.  45.  Vertical  section  of  a  sheet  of  the 
glios  is  shown  at  .1  in  Fig.  -If!. 

By  varying  the  angle  of  the  prisms,  the  con- 
ditions obtaining  in  any  situation  ean  l>e  met  and 
light  cnn  he  pmjceted  in  any  desired  direction. 
Naturally,  the  prisms  cannot  l>e  used  indiscrim- 
inately, for  a  ^rie*  adnptnl  to  light  the  entire 
lower  part  of  a  room  wiili  n  certain  sky  angle 
might,  when  npplieil  :<■  nKth'-r,  throw  the  light 
towanl  the  ceiling  inht<_-itd  •■!  to  the  parts  where 
it  is  re<[uired.  Ther<-fore,  to  meet  all  conditions, 
tilt  glasH  is  made  with  a  great  range  of  angles, 
and  the  particular  kind  needed  in  any  situation 
M  det«nnine<)  by  measurement. 

Where  the  sky  an^Ie  is  very  small,  cflnopips, 
hung  at  the  proper  angle  .ibove  the  windows,  serve 

throw  inward  a  tlood  of  light.  The  disadvan- 
tage of  prismatic  gliw*  is  its  great  cotit. 

Hibhed  glass  ts  very  efficient  and  much  less 
expensive.  This  i."*  made  with  -1,  .^,  7,  1 1,  and 
21  ribs  to  the  inch  and  of  different  thicknesa  and  weight,  since  the  fewer 
the  ribs,  the  deeper  they  must  l>eent,nnd  the  thicker,  theivfi)re,  theglajv-. 
Vorlical  «'etion  of  «  sheet  of  ribbed  glasA  is  shown  at  li  in  Fig.  AQ. 

Artificial  Lightill{f.~Thc  methods  of  artttieial  illumination  com- 
priiw  clii'trie  lighting  and  thow  <lcpendent  upon  the  eombustion  of  oils 
guscs,  and  hard  fats.  The  oils  employed  are  chiefly  of  mineral  origin, 
bu[  animal  and  vcgetabli'  oiU  aii^  iiM'd  |i>  Mime  extent,  llmngh  not  verv 
much  in  tins  country.  Hard  fats  in  the  form  of  candles  are  used  very 
extensively  in  all  countrii^  on.iceoiiiit  of  ttafcty,  cheapne.vs,  and  genenil 
availability.  The  panes  in  common  use  are  derived  from  coal  and 
hydrocarbnns.  Of  late,  acetylene  gas,  obtained  by  the  action  of  mois- 
ture on  raleitim  carbide,  has  conic  into  more  or  less  extensive  use. 

InmliMsity  of  Flame. — In  the  comlmstiun  of  a  candle,  it  will  be  ob- 
served tlwl  the  Ihime  consi:^!?  of  ItHir  part«,  the  lowest  of  which,  blu« 


VcrOol  Hclinn  of  |ini- 
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in  color,  gives  out  practifnlly  no  Ug^lt.  Th«  middle  ]>ortion,  dartin 
color,  cotisists  of  liydrooarlran  gas  generated  from  the  eubebtoce  of  tht 
oandle.  Next  in  tbc  luminmig  yellow  {wrtioii ;  mid  outside  of  tlii&,sj 
Bn  almost  invii^blc  viivvlopc. 

The  atmoiiphenc  oxy^ii,  Dio\:ing  toward  th«  inner  |>or(ioD  of  1^1 
flume,  miiUw  will)  the  cuHmii  <«c»|>in^ outwards  from  the  liiniiiiouii  pa^| 
tioa  and  forms  <^r1>0D  dioxide;  more  oxygen  passes  onward  onilin-l 
warfl,  ineetM  the  liol  f^*  from  tlie  central  [xirt  of  the  flanke,  and,  being | 
intiufScicnt  in  amount  to  unite  with   both  the   hydro^cen  and  csrbooj 
oonAtituent^  combinest  by  reason  of  greater  affinity  with  tlie  liytlro^, 
leaving  the  carbon  free,  but  eo  much  raific<{  In  temperature  thiit  il  be- 1 
comes  ineaudesecnt,  thns  tnmLshing  light  during  the  extremely  slight  ^ 
interval  clitpiting  in  ita  pttsmgL-  to  the  outcmioat  jxirttun  of  Ihi-  6mt, 
where,  as  has  been  already  fttnicd,  it  is  oxidized  to  carbon  dioxide.    TIk 
same  pntris-i  ^iic^t  on  in  tlie  combustion  of  illnminnting  gn*  andoili 
the  luminosity  of  the  flame  being  dne  to  the  incandescent  parliclot 
carbon  in  the  bn-aking  up  of  the  hydmcarlion  cun)|)i>uiHL<  into  their  ele 
roenta.     A  mixture  of  gas  and  air,  such  as  occurs  in  the  use  of  llii:  Bu 
sen  burner,  give-i  off  little  or  no  light,  ^inee  each  (nartiele  of  carbon  il{ 
provided  with  enough  oxygen  lo  convert  it  nt  once  into  carbon  dioiid 
and  »o  incandeiiRence  cannot  occur.     If  the  air  supply  to  the  int 
of  the  flnnie  i»  ^litit  oiT,  hiniinoKity  \i  nt  once  produoed. 

If  tlie  area  of  the  outer  surface  of  an  ordinary  gas  flame  is  so  : 
that  ulinosphcric  oxygfn  c4iunot  he  takt^n  tip  sutlicit'iitly  &iM,  to  unili 
with  all  the  carbon  arriving  at  the  outer  part  of  the  flame,  the 
oxidized  carbon  becomes  cooled  below  tlie  ignition  point  and  is  giT 
off  in  the   form  of  smoke.     Defects  in  tiic  burner  or  exoaaivf 
ness  in  hydro«irljon.s  may  cause  .-imoking  during  combustion,  ihesn 
ply  of  air  being  loo  small  to  consume  the  carbon.     The  intrviuctiooj 
of  a  cool  surface  into  the  luminous  portion  of  the  dame  causes  dtp 
tion  of  soot  thereon. 

If  the  area  of  tJae  flame  is  made  too  large  by  turning  on  a ! 
volume  of  gnK  under  high  pn'juure,  the  gas  is  projected  .10  far  thati 
comes  in  contact  with  ^uilicicnt  atmosplieric  oxygen  to  burn  a  I 
part  of  its  carbon  and  hydrogen  airaultaneously,  and,  as  a  result,  1 
excess  of  ga«  h  eonsmned  without  luminosity  and  wasted. 

Oas  BumeTB. — The  best  of  the  burners  in  conimouest  use  is  kao 
as  the  Itat't-viii;/,  fniin  llie  shape  of  the  flame.     The  tip  is  iK-misplie 
icjil  and  is  provided  with  a  single  straight  slit,  through  which  thi:  | 
omcrges  in  a  thin  flat  sheet.     Another,  known  as  i\w  f^ft-tait,  conb 
in  its  tip  two  small  oriliccs,  through  which  the  gas  issnes  and 
gpn^ads  out  into  a  flat  flame  sliaped  as  the  name  indicalo!*.     'ITiis  bu 
is  inferior  to  the  Iml'.H-wing  in  that  its  flume  is  less  luminous  with  I 
same  amount  of  gas,  and  tlic  oriliocs  are  mack  more  easily  fouled) 
occluded. 

The  Arffontt  burner  consists  of  a  hollow  ring,  provided  with  a< 
of  small  holes  and  attached  by  hollow  arms,  ihruugh  which  the  gnsil 
wipplied,  to  a  socket  screwed 'to  the  pipe.     Tlie  gas,  {.ssuing  from  th 
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tboles,  fornu  a  oircalar  flume,  which  a  provulo<]  with  an  abun<Iant  air 
ply  which  pa-iaes  upward  ihmiigh  the  jitirl'iii'a lions  of  the  holder  for 
chimncv,  which  is  itn  i.-escntin1  part  uf  thv  appunitiiH,  and  thruii};h 
ihe  centra]  hole  of  the  burner  as  ivell.  The  chirauev  nmi>t  be  of  proper 
diamclcr  uid  height  to  ciisiirG  an  air  supply  udeqiinlc  fur  complete 
oombustion  of  the  gas. 

Tfw  WMuirli  IjiiriKT,  which  nmy  Ix;  tnkcn  as  a  gnml  ropre^icntntivf! 

of  the  class  of  incandcMvnt  lamps,  consists  of  a  modified  Riniacn  burner, 

over  n-hich  i^  suspended  a  miinlle  uotnpoi^fid  of  iiicombu-tiiblc  mnlorial 

which  becomes  intensely  luminous  when  heated  in  the  Bunsou  Hame, 

and  thu.t  tran-ifi mn-t  Don-Intninoii.'*  heat  eiK-rj;y   into  luniinoii.i  lij:ht 

nidiiition.     The  mantles  arc  made  in  difftTfnt  wnys  of  different  niatc- 

f  ials  and  are  excfeilingly  fragile.     One  of  the  eomnuinesl  and  best  sorts 

ia  made  by  nturating  n  delicate  nctu-ork  of  cotton  in  ii  Ktroiij;  sulntion 

lof  several  earthy  oxides    (oerium,  zirconium,   lanthanum,  thorium), 

tliitn  baking  and  fin.illy  hc»tin);  it  until  the  cotton  fiiivn  arc  dcsiroyed, 

tlius  leaving  a  gauze  composed  of  the  oxidee  alone.     No  single  earth  is 

■  efficient  by  ilitclf.     The  Hiinic  and  mniitli-  anr  prottH^tctl  by  a  eyliiidriml 

kglflss  chimney,  which  serves  also  to  steady  the  flame,  and  the  whole  is 

teommonly  eneloicd  in  sonic  form  of  globe  or  ehadc  to  modify  the  in> 

Itewity  of  the  light.     By  providing  a  suitable  burner  to  ensure  the 

^uLiite  degree  of  heat,  any  kind  of  combustible  gas  or  oil  vapor  can 

iiM-d.     Liini|ifi  are  madeon  the  name  principle  for  kcro!>enG  burning. 

The  incandescent  mantle  not  only  gives  out  much  more  light  than 

■n  ordinary  or  Argand  flume,  but  docs  ho  at  n  much  i>mullcr  expenditure 

of  gas. 

<)bjcction  is  often  nimhT  that  the  WeUbaeh  light  i»  very  trying  to 
the  eyes.  This  is  true;  but  the  same  objection  can  be  urged  against 
the  sun  and  other  in(cn:«ely  bright  ohjecU  when  lookeil  at  directly. 
The  lights  should  be  so  placed  that  they  will  ilbimiuate  tlioso  parts 
where  light  i^  ncedeil,  and  if  they  are  likely  to  try  the  eyes,  tliey  should 
be  enclosed  in  globi'S  designed  to  soften  the  glun.-  and  ditfuse  the  rays 
uniform  I V. 

Varieties  of  Ckis. 

Goal-gas  is  made  by  heating  bituminous  eoal  in  fire^cU^  retorts,  in 
which  pnjccs»  ihe  compounilB  of  byilmgeii  and  cjirlx>n  are  tniM^forincd 
into  gaseous  and  other  products.  The  gas  is  conducted  bv  pipes  to 
OHidcns^'rx  and  piirilient  where  it  'at  freed  from  ammonia,  Mulplmrett«d 
hydrogen,  tarry  matters,  and  other  impurities,  und  is  then  carried  to 
8tomg«'  tank.'*.  The  piirilSed  product  coiisi.nts  of  about  .10  parti*  of 
hydrogen,  '.iH  of  marsh  gaa,  fi  or  7  of  carbon  monoxide,  and  the  bal- 
tuice  of  ethylene  and  other  bydrocarlwnis,  and  nitrogen. 

Water- gaa  is  miule  from  coke  or  anthracite  coal,  steam,  and  |H-trulcuu]. 
The  coke  or  coal  i.i  placed  in  an  air-tight  cylinder  lined  with  fire  clay, 
ftnd  then  is  ignited  and  blown  up  to  a  while  heat  by  means  of  n  blm^t 
of  air.  The  air  is  then  shut  off  and  a  current  of  steam  is  blown 
tlirough.     This  is  dccomimsed  by  the  great  heat  into  hydrogen  aad 
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oxygen,  the  former  pas^ng  on  unoombioed,  sod  the  latter  nnitinjnib 
^carbon  to  fonn  cnrlxin  tnoiioxidv,     T)i«  rv«iiUii)g  mixture  ii!  llicacu< 
lied  to  a  gas  hoUkr,  from  which  it  is  conducted  lo  the  "  carburetter," 
whun;  it  ii«  enriched  in  order  that,  ulicii  biinicii,  it  Hhall  produwi^ 
luminous  flame.     This  is  a  c1i;>mhcr  of  ttre-hrick  kept  at  ml  bttl. 
Here,  vaporized  petroleum  i.'^  injected  with  lite  hot  gas  unlit  ther^j 
quisite  pcrueulagc  of  carhon  in  the  mixture  is  altnined.     T\k  final 
procUiot  has  much  the  same  o<lor  as  coal-gas,  Imt  b  of  very  diffePdit 
eompo^ition  and  mm-li  more  poisonous  in  cltiiractcr,  containing  abontl 
ao  pr  cent,  of  carbon  monoxide,  tlo  of  hydro^n,  20  of  mftrsb-^  lai  I 
(he  Imlancft  of  clhyU-ne  und  nitrogen. 

Watcr-gus  can  be  made  also  by  pumping  crude  petroleum  in  a  oniU 
stream  inlo  ii  re<l-liot  gnu  relorl,  where  it  i»  at  <)nce  converleil  intu  rapor,  i 
which,  with  a  current  of  superheated  steam,  is  then  driven  llirou^hai 
long  coil  of  pipe  hejited  to  a  high  tcmjH'ratnre.  The  chemical  reactioBJ 
is  the  same,  the  ctirbon  uniting  with  the  oxygen  of  the  steam  to  &m,\ 
carbon  monoxide,  leaving;  the  hydrogen  free. 

The  potsoni>nis  pro|(ertiea  of  both  co«l-pn;f  nitil  wnter-gnx  are  Jnel 
solely  to  the  eontainecl  carbon  monoxide  which,  as  shown  originally  by ! 
Claude  Hcniiinl,  miikes  a  definite  tvmpmitid  ivilh  the  oxyg^-B  i 
of  the  blood,  the  haemoglobin,  which  then  becomes  !Dca|uiblc  of  JK^-I 
forming  ils  function.  Tins  U^ing  the  cate,  llie  va'ttly  grvaler  ibopf  | 
attending  the  use  of  water-gas  is  self  e\'idcnt. 

All  hits  Uwa  sntd,  the  (Klor  of  the  two  kimla  is  practically  ibeatK,) 
but  in  order  to  have  the  same  value  as  a  warning  of  rlangcr  fruDi  ieikt, 
that  of  water-gas  should  lie  much  more  pronounced,  since  so  mucli ' 
of  the  giis  is  rc<]uired  to  bring  the  fiir  into  a  poisonous  condition. 

Usually  almut  0.4  per  cent,  of  carbon  monoxide  in  the  air  is  nyiuindj 
to  produce  fatal  results,  but  leaa  may  Ix'  fatal  wiih  long  exixvute,  Inj 
recovery  from  poisoning,  the  carbon  monoxide  is  not  oxidiawl  iplb*l 
body,  but  is  driven  out  of  its  combination  l)y  the  oxygen  of  the  in 
air ;  but  tliongh  after  a  few  hours  the  b!o«l  may  be  nearly  freed  fiwij 
the  poison,  tin-  diimiigc  alri'.idy  done  to  the  brain  and  other  i 
through  the  tcmjxjrary  partial  deprivation  of  oxygen  maylwi 
and  lasting.  Ri-cfivcry  is  commonly  accompanied  by  severe  bead 
persisting  for  n  long  time,  often  with  n.tusca  uikI  vomiting. 

The  inereiised  danger  of  gas  poisoning  when  coal-gas  issupplMH 
by  wuler-gas  with  its  high  nubfju  monoxide  etmtent  ii<  well  soownl 
the  statistics  bearing  on  the  subject  at  Boston,  Massachusetts,  hi 
iiHH,  when  but  I  ikt  cent,  of  the  gas  sold  was  waU'i>g«w,  there  w| 
no  deaths,  suieidul  or  accidental,  from  gas  jioisoning.  In  the  folli 
ingyeiir,  there  was  bnl  one.  In  ISfifl,  the  percentage  of  watcr-gaK 
to  8,  and  there  were  (i  deaths,  four  accidental  and  two  suicidal. 
18fl2,  as  a  result  of  jHTmissive  legislation,  o2  per  cent,  of  th«  gtsl 
WS8  watcr-gH»,  and  the  deaths  rose  to  1.1.  I»  1897,  the  pcrcen 
rose  to  ;kI  and  the  deaths  to  -17,  .'S2  of  which  were  accidental  andW 
suicidal.  In  the  live  yi-nrs  ending  8cptcmbcr  1, 1899,  lli(l  deuthtt 
occurred. 
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On  aivfiiint  of  the  tinner,  n  «niumi!»if>n,  appointed  in  Knglaod  In 
18y9,  r(!|Mirtwi  iidvcrsfly  on  nil  illinniiKitin;;  pis  oonlniiiiii};  uvcr  20 
per  ftfltit,  lit"  rurlxiri  monoxide,  which  proportion  omTesponiU  approxi- 
nmU'ly  to  it  mixture  of  cqn.il  volnmi'>«  Dt'oiitl-pLs  niid  wnttr-Kii!^, 

Acetylene  gas,  C.H,,  ifl  an  unstable  coin[)ound  of  carhon  an<)  hydro- 
g«!ii.  It  htu  n  Ktp.ing (]!ittt|;rNru1>l(t  luliir.  Mixed  with  iiir  in  the  pro[Hir- 
lion  of  I  to  l!f,  it  is  violently  explosive.  It  is  poisonous,  hut  not  to 
tti«  Miim-  cxtont  lU  ordiniiry  t-onl-giLt ;  nii  atiinial  «xpii!tfd  t^>  iin  iitrnoi^ 
pberfi  containing  it  becomes  unconscions  iifter  it  time  with  un  manifes- 
tnttoiu  of  nervous  or  rcspIrator\'  <-xoitem(<tit,  and  if  removed  iit  once 
^recovers  ill  a  very  short  time.  Froloupid  exponnre  is  fatal.  Blood, 
rill  ahitorl)  abmit  O.ft  |)er  cent,  of  its  volume  of  acetylene,  bnl  the' 
solution  givci  no  charactcrirtii;  spectroscopic  up|K«mnce.  If  nny  com- 
jionnd  n  formed  with  hemoglobin,  it  must  be  very  unstable.  If  a 
high  pcrctntjige  of  oxygen  Ite  prcst-ni,  uniniuls  can  survive  it«  uolion 
many  bonrs. 

It  L*  made  from  calcium  carbide,  a  reddish  brown  or  gray  mntcniil 
prepared  by  subjecting  a  mixture  of  lime  and  coke  to  very  intense 
iicat.  When  thi.«  .tnbHtauee  la  wet  with  water,  a  donbli>  deootn[io!)i- 
tioD  occurs,  the  calcium  uniting  with  the  oxygen  of  the  water  to 
form  'piicklime,  and  the  carbon  with  the  hydrogen  to  form  acetylene. 
Between  four  and  live  cubic  feet  of  the  gtw  arc  yielded  by  »  pound  of 
the  ordinary  commercial  carbide. 

Burned  in  ordinary  gas  burner;!,  the  flame  cannot  secure  a  sufficient 
supply  of  oxygen  tor  the  complete  combastion  of  the  carbon,  and  in 
cons<.'>|uence  it  smokei^  iiud  fiiilit  to  exert  it.'*  full  power  of  illuniiuation. 
By  using  a  tip  with  an  exceedingly  thin  slit,  and  forcing  the  gaa 
thnmgh  under  lieavy  pri'usure.  Ihc  (liime  i.-*  greatly  eularged  and  is  of 
very  great  brilliancy.  It«  ilhiminutiug  power  is  about  15  times 
greater  than  that  of  ordinary  ga.n. 

It  can  be  liipicfied  at  a  tcmiwratureof  (14"  F.  by  a  pressure  of  1,200 
pounds  to  the  square  inch,  and  can  be  stored  in  cylinders  of  steel. 
Apparatus  for  its  use  should  not  be  maile  "f  copper  or  silver,  since 
these  metals  are  attacked  by  it  and  the  resulting  compounds  are  very 
explasive. 

In  some  apparatuses  in  use,  the  water  is  dn>p[)cd  on  to  tlie  carbide 
by  an  automatic  arnmgement  so  that  the  yield  of  gas  in  rcgnlati-d,  but 
the  gas  continuoif  to  be  evolved  after  the  water  supply  is  shut  off,  since 
Uie  moistened  carbide  cannot  be  prevented  from  un<lorgoing  <jecompo- 
sition.  In  others,  the  carbide  U  introdiic^-d  into  10  times  its  volume 
of  water  in  a  vessel  connected  with  a  gas  holder  of  siiflicient  capacity. 

Whether  acetylene  is  likely  to  luivc  a  great  ticid  in  the  future,  van- 
not  in  the  present  state  of  development  be  prwliclcd.  btit  many  changes 
and  improvemeut.'*  are  neoejisary  l>efore  it  can  be  Icioked  tipiin  as  hav> 
ing  any  %'cry  great  practical  value, 

Oasolene  gaa  is  a  mixture  of  gasolene  vapnr  and  air,  tlie  fuiiciion  of 
the  latter  being  to  dilute  the  fortner  until  the  proportion  of  carbon  in 
the  mixture  is  equivalent  to  that  in  common  gas.     Ga-solcne  is  a  mix- 
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ture  of  iiglit  hydrocvbons,  a  pixKluct  of  difitillation  of  crude  pcuo- 
leum-     Ili  ii[)edlic  gravity  raugt^  from  i>.(!2'J  tn  0.667.    It  volali- ' 
Ii».<s  slowly  lit  low  iotn{K-ralun's  and  rapidly  at  TO*^  F.  and  akon.   U  j 
K  exceedingly  iutlammable. 

Gasoleoe  ga»  i*  girnvnilcil  and  forcrd  lliruti|:;h  wijipiy  pi|)cs  tu  ihe] 
burners  by  special  form.''  of  apparatua  which  require  biii  Utile  attention.  [ 
U  is  vmM  »uilcd  ti>  single  hi.iu^ti'st  and  smuU  |;rou|i«  of  houses  whm  no 
public  supply  pxiiits.  J 

Impnnue's  Oiven  off  in  Liehtinir. — In  the  combustion  of  iflnoD-l 
DuntH  of  all  kinds,  considerable  amounts  of  decomposition  producteoRJ 
given  off  to  the  air,  an<l  their  removal  by  means  of  ellicient  ventilatiini j 
is  iinportunt.  Thciw  products  arc  least  in  amount  and  impodnncein] 
lighting  with  caadle-<  aud  oil  lampn,  being  chiefly  carboD  uiondei 
walcry  x-aiKip.  Th<!  impiirilict  jjiveii  oil'  in  the  oombustiou  of  \ 
include  sulphur  dioxide,  very  variable  in  amount  according  to  ihp  ex- 
tent nf  puriticatimi ;  earbon  mononidi-,  iil«o  variable  uoconlinj;  lotbel 
completeness  of  combustion  ;  carbon  dioxide,  about  Iralf  a  cubie  tM\ 
fi>r  i-arh  cubic  fonE  Imnni! ;  ammonium  i"oiiijKHind.-«,  aud  aijiii-ou-'i  vspor.f 

Oas  Pipes.-^^trcct  mnins  arc  commonly  made  of  cast-iron  pipetcfl 
rather  light  weight,  which  vary  mnch  in  texture  and  density  andiRj 
not  iufrtHjucutly  perforated  with  blow-holes  of  var)'inj;  diamrter  or] 
otherwise  defective.  On  aeeoiint  of  the  dangers  of  extensive  Wl^] 
and  of  the  linancrial  los«  <lti(;  U>  wuitto  of  gan  an<)  the  cost  of  nubingi 
repairs,  all  pipes  should  be  ihuroughly  tested  l>efore  being  laid.  Pipoj 
which  show  nn  l<>ak:i  whon  now  may  soon  be  oorrodetl  in  tlie  smlitl 
poiuta  where  bubbles  occur  in  tbc  walls  with  but  a  thin  la vcr  of  mOil  [ 
on  i-ither  side.  Wrought-iron  pijw:*  are  corroded  more  quickly  in  ittt 
■  soil,  but  arc  more  unifuna  in  density  and  texture  than  cast-inin  tiul 
require  lewer  joints  in  a  given  dtstanoe.  Fioih  kinds  shotild  bepi»-^ 
tccted  by  a  generous  ooiUing  of  asphalluin  or  other  siiilnble  maleiw. 

House  pipes  are  most  commonly  of  wrought  iron,  though  somclJiio  j 
otlter  )H>ftt-r  mntcrinU  arc  employ.**).     Thi>  latter  are  moreexpeiuin 
and  possess  the  addittomil  disadvantage  of  being  easily  punctured  bf 
nails  and  guawt-d  by  nils  and  mice.     The  entire  system  of  dislribol* 
ing  pipes  should  be  most  carefully  joinetl  in  order  that  no  leaks  alnll  | 
occur.     Wn>en  lliey  do  occur,  the  search  for  their  location  must  becott-j 
diwt^I   with  all   po^ible  precautious  ajr-iiiwt  the  risk  of  cxpWoni.  I 
since  mixtiiiv  of  gas  and  air  in  the  projxtrlion  of  alK>ut  8  per  coiil-"'| 
the  formiT  an*  violently  ex|tio«ive  if  bmiighl  in  contaet  with  a  lisnw.r 

The  gas  sbould  be  shut  off  at  the  meter,  and  the  apartments  wheiel 
the  smell  is  perceived  should  be  thoroughly  aired.  The  examination [ 
«l>ouIil  tlien  be  Ix-gun  at  the  meter  and  its  connections,  and  if  (lc{«<!ti] 
are  there  foutxl,  the  meter,  if  at  fault,  should  be  remove<!,  or  theooo-j 
neciious  put  in  ]>m|»<.t  wndition  with  new  washers.  The  lixtur 
should  next  receive  attention,  every  joint  and  cock  being  tested, the) 
being  turned  on  again  at  tlte  meter.  Smearing  the  joints  with 
viscid  material,  stich  as  strong  soapsuds,  will  show  small  leaks  by  i 
malioH  of  bubbles.     The  examination  uf  tlie  joints  of  the  distributin 
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pipc9  ill  a  niittter  of  conciMerablc  difficult^r  nnH  niii}'  ifcjiiire  miieii  clii)* 
tarbanco  orstractiiml  purls. 

Fixtures  -ilifmUl  be  so  lixaitcd  as  to  avnid  hol-nir  cnrronts  fioDi  rcg- 
tston>  in  tiif  lloor  ami  wnlb,  on  iicooiiiit  of  llie  prwit  iiniiovmicc  cnti^-d 
by  flickering  of  the  flnme.  Flickering  is  cuiisetl  alsf)  by  tbe  presence 
of  oontk-iifeil  moisture  in  vagfi  in  the  pij)08  nnd  Iii.-ikI>>  In  the  fixtunti ; 
tbis  causes  tlie  gas  to  issue  in  !i  series  of  bubbles  with  consc<juent  UU- 
8t(-iiilini-.vi  iif  tbi-  lliinie.  Tbc  renictly  conMiftf  in  inlorpo^ing  drip  eiips 
and  (Imining  off  tbe  Muler. 

Tht'  pr»|H-r  iirraiijrfini'iit  of  rixluro.*  is  freijuentlya  difficult  jiiYiblr-m, 
pnrticubirly  in  large  rooms.  In  j^-ncriil,  it  mny  Ix-  said  that  tticy 
Bboiild  l>e  well  distributed  rather  th»n  clustered  in  central  chnndclteni. 
Fairly  unif^^mn  (liffimion  rail  Iw  wouretl  by  the  use  of  globes  of  piis- 
tualic  glass,  which  act  in  the  same  way  as  the  ribbed  and  prismatic 
witxlow  glass  <lescrib(il  iibove. 

Slectric  Lighting:. — Incandescent  electric  lighting  possesses  certain 
^tiotable  ndvanlages  over  all  othi-r  sy»lwn.H.  of  artificial  illnminalioii.  It 
requires  no  oxygen  and  produces  no  decomposition  compounds,  and 
hence  in  no  wity  alters  thi-  compaiitirm  of  tbc  air.  It  imparls  but  little 
best  to  the  eurronnding  air  nnd  hence  Ims  but  ii  limited  iufluence'  In 
Cftiuing  noDvection  eiirrents  and  raising  rnoni  temperature. 


Section  4.     PLUMBINa. 

Whether  we  view  thv  subject  from  the  »tand])otnt  uf  po»^ible  dasnr 
of  infection  through  inhalation  of  sewer  air  or  from  that  of  seitbetics, 
we  iniiHt  rt%ngni»-  the  great  iin]M)rtiui(^c  of  the  reniovnl  of  all  eewer 
wastes  from  the  habitation  tbrougli  a  system  of  plumbing  that  is  so 
perfect  thiit  it  shall  leak  ufillicr  liijuid  nor  solid  matlcrs  nor  foul  air 
tnd  smells.  For  tbc  ntiainnient  of  the  best  resulttf,  ull  large  eommu- 
nitien  adopt  plumbing  ordinances  designed  to  prevent  faulty  constnio 
tion  nnd  ihe  iidmiiwion  of  the  dreiided  *'  »ewer  pas,"  which,  to  the  lay 

[Blind,  and  very  gencnilly  to  the  professional  mind  as  well,  la  a  most 

ipotcut  eaiu>e  ofdi:>eiise. 

While  the  weight  of  evidence  is  against  the  acceptance  of  the  doctrine 
of  tin-  Iran>mi»!*ion  of  diiM-iisir  through  this  ugcnoy,  it  must  be  conceded 
that  fi'ul  odors,  besides  being  disagreeable,  c.vcrt  on  the  sensitive  indi- 
vidual n  di-cidt-dly  injurious  Hetinu  ihrougb  the  iiiiaginxlion  mid,  nicn^ 
particularly,  through  their  effects  on  the  appetite  and  digestion.  Most 
of  the  foul  »mells  coming  from  plumbing  tlxtures  are  not  from  the 
sewer  nt  ull,  and  hence  may  not  proiierly  be  eiillcd  sewer  gas  or  sewer 
air ;  they  are  due  to  decomposing  organic  mailers  wilhiu  the  pipes  or 
lnip«  or  in  *«nic  other  piirt  of  the  fixture  which,  with  ordinury  use, 
does  not  become  thoroughly  eleaiised.  Thus,  it  is  often  found  that  the 
odor  from  n  wu4i-bttfiii  ix  due  to  decomposing  Monjiy  mnlterH  nnd  olht-r 
deposits  in  the  horn  leading  from  the  overflow  holes,  bat  it  Is  difGcalt 
to  oonvinee  the  timid  lluit  such  \i  the  tact,  except  by  o<-ular  nnd  other 
dciDODstration. 
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The  most  pcriLTt  system  u(  pliiiubin;;  needs  careful  supcrvUion,  fnrj 
DO  pipe  or  oiJier  pati  subjected  lo  freqiKnt  contact  with  filthr  mattenl 
cnn  be  kopt  p<--rmikm-ntly  vlviin  iiiiiuMtt8ti.il,  und  any  hhcIi  surfiirc  notl 
cut  off  from  ci>Dtact  with  the  free  air  of  the  room  must  inevilablv,  i 
<Ut  (.vrtuiii  (^i)tiilitii)iis,  givr  rW  In  u  ccrtiiiu  niiioiinl  (if  niiiMooe.    Th 
re<Iuction  of  the^  jKt^ibilities  for  nuisance  to  the  lon-e§t  liiuiteisWH 
of  IIk-  main  objccLt  of  the  many  ingtmioui^  plumbing  iippliancesof  ( 
kindfindaiiothortliKtnre  almost  daily  iucrvasiu);  in  uumbtr  and  titrieiyj 

Broadly  H|teaking,  plumbing  may  be  divided  into  two  claai^es; 
plumbing  and  bat!  plumbing.     The  former  costs  more  in  thi'  l>^j 
ning ;  the  latter,  in  the  end ;  the  tbrmer  is  in.ilalled  by  the  capable  i 
hont^t  plumber ;  the  latter,  by  the  trickster  wIm  ba«  given  liis  eallia 
such  a  bad  name  that  he  finds  it  more  to  his  liking  to  bide  behind  i 
more  preleutioUN  title  of  "  sanitary   pliiTubing  engineer,"  ju»t  as  i 
barbers  become  "  tonsonal  ai-tistfi." 

Tbi;  hotter  el a-tH  of  plumber.'*,  in  undertaking  the  inMallatioDof  i 
e>'slem  of  plumbing,  attempt  to  attain  such  a  degree  of  pcrfccticiu  ' 
n'pairs  are  only  occasionally  neoaiisary  ;  the  other  class,  either  intentJo 
ally  or  because  of  inability  to  d<i  goijJ  work,  produce  n  system  r«)uir 
ing  constant  repairs  and  consequent  expenditure.  This  class  of  w)rk'| 
men  also  are  quick  to  tukc  every  advantage  of  loosely  dr»vrn  on 
biguous  speciBcationa,  whereby  tlie  owner  suffers  eventually  more  l 
the  original  financial  injustjoe.  But  tbo  rtvuponsibility  for  poor  plumb 
ii^  is  not  by  any  means  always  to  be  place<l  upon  the  plumber,  futi 
owner  unuilling  lo  pay  the  price  of  giH>d  work  can  bunlly  blami:! 

f>lumber  fur  unwillingness  to  provide  labor  and  first  class  maleiiili 
(9(8  than  cost,  and  geta  cheap  material  and  cheap  workmanship  in  i 
turn  for  his  inadeipiate  appropriation. 

A  good  system  of  )>liimbing  calls  for  sound  materials,  absoluislyj 
tight  joints,  tborongli  ventilation,  :ind  rt  plentiful  water  ttupply  to 
sure  thorough  flushing  without  wasiefubieas.     It  should  be  sopIaDO 
tlint  the  various  flxtnres  on  each  floor  shall  be  in  rcbilivcly  tbei 
locations,  thus  avoiding  unnecessary  and  expcusive  extensions  of  < 
am!  supply  pipes.     The  wa.->ie« should  be  easily  acw^tiblcand  are! 
run  in  full  view  so  that  any  leiikage  can  be  <ieteetcd  at  once.     W 
hidden  from  view,  leaks  may  exist  undetected  until  much  damage  \m 
resulted.     Open  plumbing,  furthermore,  «ustircs  good  workmaaifa' 
and  makes  repairs  simpler  and  much  less  expensive.     The  pipes  ne 
not  be  a  di^tignrc-meDt  to  a  room,  for  tliey  may  be  nLiitly  puinlnli 
bronzed,  and  will  then  have  no  worse  appearance  than  those  usedi 
steam  heating.     If  tliey  must  be  placed  in  n>ee«!sea  or  within 
they  may  be  concealtHl  by  bonrds  or  pnnels  fastened  by  screws 
tasily  removable. 

The  im|Kirlant  fixtures,  such  as  balhtub«  and  wRter-closets,  shouM  1 
placed  where  ventilation   can  be  semrcd  and  where  dependence  Df 
artiftcial  light  is  not  altogether  necessarir'.     The  ideal  place  is  in 
outer  room  with  a  window  through  which  tlte  ean's  rays  and  &esb< 
"      "       if  enter. 
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The  Soil  Pip*  and  Main  Drain. — The  soil  pipe  receive  at  various 
Ifiiiite,  tlirou};))  tW  M'voral  wo-ttv  pi]>CK,  tlie  cnntenU  of  iva-th-liowU, 
BJnks,  bnthtubfi,  urionls,  w:itcr-closi'ls  ami  ollirr  lixtiirt-s,  niitl  comliicts 
tltcm  to  til*!  (Iruiii,  l>y  which  ihcy  are  airried  <m  t«  tht-  ^ewc-r  or  «■«»- 
poo]  as  the  caw  may  l>«.  In  tins  country,  the  iniitrriiil  iilnKit-t  iiiiiver- 
»)illy  u.'tcd  for  mi\  pipe  is  cast  iron,  but  iu  Kn^Iaixl,  lead  is  prclV-rrccI. 
Tbe  advanto^  of  iron  over  lcu<)  arc  mimy ;  it  m  lif^htcr,  sUffer, 
fltronger,  oliciipcr,  and  more  durable,  and  is  not   subject  to  nci-idnilnl 

JerroralioQ  by  driven  iiiiiU  and  (jnnwing  nit».  l>e«d  pipe  of  large 
iumeter  iogs  by  its  own  vreigbt.ajid  it  is  difficult  to  secure  it  i^troiigly 
wherever  lUt  wcij;Iit  i*  born*  by  the  liU'tcningH.  It  id  vi-ry  easily 
corroded,  dented,  fattened,  and  pcrforute<]. 

Ca»t-iroii  »»il  pipe  is  made  in  two  (;;radi's  ;  light,  or  "  .ttaiidurd,"  iind 
"  extra  heavy."  Only  the  latter  slitiuld  be  cnipluycd,  the  former  being 
much  too  thin  and  Hiiiisy.  The  walls  of  the  extra  heavy  grndu  should 
not  be  \css  than  an  eighth  of  an  inch  in  thickness.  The  pipe  is  made 
in  htiigtlif>  of  'i  feet,  exclusive  of  the  socket,  or  hub,  whiidi  is  an  enlarge- 
ment of  one  end  for  the  r(H«!ptioii  of  tiic  !«piK"t  end  of  the  next  length, 
8o  that  no  irregularities  shall  be  caused  in  the  ^calibre  of  the  pipe  wiiere 
joints  occur,  but,  on  the  eonlrary,  thai  the  inner  jiurfiicc  shall  be  flush 
throughout.  Each  length  should  be  of  uniform  wall  thickness 
throuf^ioul  and  free  fnim  flaws,  Hand  hole.s,  and  other  imperfections, 
and  should  be  subjected  to  strL'n;;th  te>its  ut  the  place  of  manufacture. 
The  inner  »urfac«  should  be  perfeeily  smooth. 

In  joining  the  lengths  together,  the  spigot  end  of  one  Is  inserted  as 
tlraightaA  possible  into  the  hub  of  the  next,  and  a  gasket  of  oakum  in 
inserted  into  the  intervening  space  by  nicjins  of  a  caulking  tool,  and 
ranimc<l  hard  so  as  to  611  about  half  the  depth  of  the  hub.  The  object 
of  the  gasket  is  to  prevent  tln^  i'iitr:inei'  of  niiy  of  the  molten  lead  used 
in  the  next  process  to  the  bore  of  the  pipe. 

The  next  step  is  the  filling  of  the  rfst  of  the  space  with  molten  lead 
from  a  hidle.  Since  this  metal  shriukH  on  cooling  and  since  moisture 
and  dirt  prevent  its  adherenoe  to  the  iron,  il  is  nect'^^ary  next  to  ex- 
pand it  and  drive  it  down  by  uK-chanlcid  meuus.  This  process  requires 
much  care  and  involves  much  risk  of  fracture,  since  the  blows  of  the 
GBiilkittg  tools  must  ix.-  cjuitx^^  heavy ;  in  fact,  much  heavier  than  the 
lighter  grade  of  pipe  can  withstand.  Against  this  form  of  pipe  and 
■  its  jointing,  certain  olyii'tiom^  an-  urged,  not  tlie  least  of  whieli  is  the 
['Opportunity  given  for  botch-work  and  fraud.  Instances  of  tilling  the 
space  with  monar,  iwnd,  ])(itty  und  other  mnterinl  have  been  not  un- 
common.  Some  uuscrupulous  plumbers  gloss  over  the  fraud  with  a 
thin  layer  of  le^d  ;  some  nuiki-  tht>  joint  iiroix-rly  nml  neglect  to  aiulk 
it;  some  make  as  perfect  a  joint  as  pus«iljle  In  places  where  ocular  in- 
.apeoticMi  is  easy  aud  pntbable,  and  omit  to  cimlic  or  even  to  insert  the 
mm  where  the  joints  are  hidden,  but  without  forgetting  to  make  the 
charge.  In  a  large  dwelling  very  exiieusively  phmdied,  the 
author  once  found  no  li'i^  than  fourteen  ^tbsolutely  uucaulked  and  open 
joints  in  the  several  soil  pipes. 

as 
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Another  objecti<«i  to  this  fona  of  joint  is  the  possibililj-  of  ite  tw-l 
coming  Ioom?  tl>  rough  ikttornatv  vx|nnioon  and  contraction  due  to  cliaogu  | 
in  tcm|Kir!iture.  The  pxpnn^ion  is  UDcqiiid,  CBjMx-ially  whni  liiif  In  hcti 
water  in  the  pipe,  and  ilie  spigot  ex|>andf(  more  tlian  it.'^  sumrandiiijl 
Mickft  uml  eompiT«seH  the  intcrpotsed  luid,  whidi,  when  «ijuilibriu[ii 
becomes  re&tablished,  does  not  resume  its  original  sliape,  but 
in  its  new  form.  In  this  way,  it  is  powiblc,  but  not  vt-ry  prolNible,  thad 
a  minute  space  mnv  be  erealecl  all  about  the  spigot,  and  that  ttir>)Ug[l1 
tliiit  .ipaiv,  leiikagf  i)f  Hrpiiil,  but  moK-  i?f«|ii'oially  of  air,  mav  o«or.  la 
an  upright  pipe,  leakage  of  liquid  is  most  unlikely  to  occur,  sincol 
hub  end  of  eaeh  joint  t»  up))ernio»t. 

Still  unothcr  objection  is  the  great  diffioiilty  encountered  in  unjoin 
ittg  when,  for  any  reamn,  it  is  necetaory  to  remove  ft  length  of  pip 

Flo.  48. 


Fw.  47. 


^ 


Fmi.  49. 


T r 


/ ii-l 


llEi|ptii|irir  boinlH  lu  mil  |ii]rc. 


I'raprr  beiiilj  lu  Kll  plpft 


T-tirWHh  Isidli 


in  making  repairs  aud  aJtcmtions.     The  usual  and  VB»ie»t  eonnei 
pursue  in  such  a  ease  is  to  break  the  pipe  and  remove  it  in  picrt*. 

To  nwt  the  Kcvcnil  objo-tions  to  tills  form  of  pipe,  tlw  ""^ 
flanged  pipe  was  devised  by  Mr.  J.  Pickering  Putnam  of 
This  makt'!4  u  joint  which  is  described  as  an  adjustable  flanged  ^ 
with  lead  washers  or  gaskets  for  pueking.  The  g»»kct»,  whi<4i 
star-shaped  in  cross-section,  are  squeezed  between  the  flanges  of  tW  I 
.ailjuiiiing  pi|>e«  and  crushwl  fo  half  Oicir  original  Ihicknetw  by  : 
iug  up  the  bolts  set  in  square  recesses  in  the  flange  ears.  The 
jiercwed  Hirnultaueously,  i*o  that  Ihc  pres.iure  on  eillier  side  i«  c<|ii 
and  the  gasket  ia  uniformly  compressed.  The  gasket  for  a  ^-indi  l 
weighs  a  half  pound.  For  thin  joint  are  claimed  cheapness  an<I : 
The  tinm  required  to  make  it  Is  i-eckoncd  in  sctvnds  ai;  against  minii 
the  amount  of  lead  uon.-<un)e4l  h  much  leaa,  and  tJic  unjt^viiiting 
simple  and  involves  no  hroLkage. 
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Th«  diameter  of  a  soil  pipe  should  ordinarily  iint  exo4^  4  indieti, 
but  in  very  Inr^  buildings,  in  wliicli  iirt-  iiunKTOiis  wiitor-cio»cl»  ami 
other  fixturei*,  O-incb  pipe  is  sometimes  nsed. 

Soil  pi|)i-)< should  run  iw  nciirly  vi-rtiailly  niid  witli  us  few  dcviatioiiu 
from  a  ntraigfat  line  as  praetiuilile.  When  these  are  necessarj',  right- 
uig]<^d  bends,  »i<4i  iLt  mIiowii  iu  Fijr.  -17,  mnitt  bv  avoided,  niifi  iiintead 
thereof,  ohtuse-angU'd  elbows,  a»  iu  Fig.  48,  should  be  employed. 
Wherr  wiMtU:  pijtes  and  branches  conneet,  the  jntictiuii!!  i<hoidd  Im'  made 
with  Y-brant-lit's  and  not  at  riglit  aiit^le^.  (See  Fig.  49.)  Th(«c 
junctiouf*  are  diflerently  iiinde  when  a  lead  pi|)<>  iit  to  Ih?  <«iincoted  with 
an  iron  one.  The  If«d  pipe  miint  fintl  be  "  wiped  "  on  to  a  bra««  ferndc 
bv  meaiLH  of  solder,  and  the  ferrule  is  then  eaulked  into  the  hub. 
With  the  flungiil  !-cinitiw  pi(K',  llieeonncftiim  is  mon-  em-ilv  nitd  ehoHpIy 
obtained ;  here  tlit;  lead  pipe  is  flanged  out  and  bolu^l  to  the  iron  by 
mMnsofcmt-imn  ringttwithean*  luiil  bolt- 
holes  oorrcsponding  to  those  on  the  pipe. 

Eodisoil  pi |)e  should  beextejidt^d  in  lull 
site  througli  tlic  roof  for  alxiut  two  feet,  and 
its  outlet  tilioukl  not  be  obstrueted  by  a  cap 
or  cowl  o»  is  eommunly  done.  The  cap 
serves  no  useful  purpose,  and  the  passage 
for  air  is  so  narrow  that  in  winter,  when 
the  warm  moint  air  ascends,  a  coating  of 
fn#t  is  formed  all  over  the  inner  siirliice  of 
the  exposed  pipe,  and  this  miiy  grovr  m 
thicknettt*  ^  a»  to  occlude  the  outlet  com- 
pletely, as  is  shown  at  A  in  Fig.  50.  In 
all  cas<-)*,  one  must  make  provii^iou  for  the 
expoiisiun  and  contraction  of  the  column  of 
metal,  for  while  the  movement  either  way 
IS  slight,  its  fore*;  is  very  great ;  therefore, 
the  fastenings  must  not  be  too  rigid,  but 
^must  allow  11  littlo  play. 

The  soil  pipe  must  be  very  firmly  sup- 
port«d  ut  the  bottom,  and  iLt  junction  with 
tlie  main  drain  should  be  ninilc  with  u  bend 

of  ftH  large  a  radius  as  possible.  The  best  support  is  either  a  brick  pier  or 
a  wooden  jw-tt  or  other  firm  and  unyieliltng  flnicturt'.  The  cinncetton 
luiist  under  no  circumstances  l>e  at  a  right  angle,  but  with  an  elbow 
bend  supported  on  a  foot  n»  in  Fig,  51.  If  the  inpv  must  be  carried 
along  a  cellar  wall,  it  should  be  supported  either  by  a  shelf  or  by 
wrought-iron  }ii]>i.--lio<iks. 

Prom  the  |Kjint  where  the  soil  pipe  dcpiirte  from  the  pcrpcndicnlnr 
nnd  tendti  luward  the  sewer  or  cesf^gwol,  it  is  cummoidy  known  an  the 
drain,  whether  other  soil  pipe*  enter  it  or  not.  The  drain  shouldfcon- 
M!*t  of  iron  as  far  a-^  a  jmint  well  away  from  the  foundation  of  the 
honse  and  from  nil  d.ingiT  of  fractan-  due  to  i>ctlling.  Under  no  cir- 
cumstances should  an  earthenware  drain  pipe  be  employed  within  the 
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lioa^  or  beneath  the  foundation  or  through  a  aotl  in  which  a  vdl ' 
drinkiof;  wiitcr  U  ^ititnted.    Th«  main  drain  niny  ha  carried  ilin|  I 
wall  of  tlie  cellar  iu  the  mannpr  nlxtve  dcscriWd,  or  it  tuaj"  be  snsp 
by  wn>iight-iron  liaiigi.-rs  from  the  joi-->bi  of  iIk  l)ix>r  of  tlie  flnlBt(iij| 


Pts.U. 
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latcmplliitt  iHp.    I  RuuaUijc  tni>  I 


or,  if  (hurc  arc  wutur-closcbt  or  othiT  ftxtiirfs  in  the  cellar,  it  miyi 
bdow  the  floor.     Id  the  latter  case,  it  should  be  easily  acceiwble. 

The  drain  hIiohUI  litive  all  tho  fall  tliitt  van  be  convenientlj sis' 
and  this  should  be  as  nearly  uaiform  as  possible  throughout  its  IcJ^ 
No  part  of  it  ithoiild  run  flat  or  sag.     The  groaU-r  tho  pitch,  tberac 
compk-tvly  the  pipe  is  scoured  out  by  each  iiuiaaa^  of  water.     ttufKan] 
have  a  fall  of  at  leadt  a  quarter  of  an  inol)  to  the  foot  or,  pn^fenlilM 
more, 

FM.5S. 
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OldMUuDRblc  KirugimiaDl  of  InUimpUng  Inp  »a4  rMiUMlof  plp«, 

Before  the  drain  passes  beneath  the  foundation  wall  or,  if  iUl] 
imposaible,  at  a  point  nul^idi.-  in  a  mnnhule,  an  inien^ptiiig  ti^l 
placed,  providi-d  with  clean-ont  holes  covered  with  air-tight  wn 
This  trap,  known  eomeCimes  an  the  running  trap  and  main  trap,  il 


SOIL  PIPE  AXD 


487 


ne  diampter  throughout  as  the  dmin  itself.     This  kind  of  trap 
iDred  in  an  iiumen^  varivlv  uf  forinsi,  one  of  ilie  best  of 
I  U  shown  in  Ftg.  52.     This  has  an  inlet  ant)  an  outlet  for  sew- 
'aa  inlet  for  freslt  air,  and  a  <!k-an-<>ut  and  iiisptotion  holi>  nn  the 
Rbll  sidf,      Tlic  wwapi-  enters  by  the  inlet  at  the  left,  which   is 

rj-  higher  than  the  oulfiill  at  the  right.  Thu  TiiJiuTinoBt  o|wnin^ 
the  frvsh  iiir  iaicl.  The  latter  i»  for  the  purpose  of  imfitring  u 
o^«te  circulatioB  of  (reeh  air  tliroughoiit  the  entire  length  of  the 
>ik  and  noil  ]>i[M>,  and  (^mmnniuile)'  with  tlx'  i-\1rriifli  tiir  l>y  nx'ttus 
'■  pipe  of  the  full  diameter  of  the  drain,  ninning  from  the  house  side 
the  tnp  to  .«onie  point  ontMdo. 

In  Fif;.  oS  u  shown  nn  arrangement  very  commonly  adopted,  but 
en  to  serious  objections.     Here,  the  filth  may  be  tlirown  itp  against 
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FMbnU*  (tnuetmnii  of  lolnnpiluf  inparnl  teoUlaUni  plpt, 

Doe  of  the  fresh-air  pipe  F  at  A  and  form  an  accumulation, 
of  tlie  drain  and  of  x\u-  outtet  iS'  arc  at  the  name  level,  a»  is 
by  tlie  t«o  sides  of  the  iratcr  seal  />,  and  there  will  be,  there- 
in Wt  enough  head  lo  force  all  light  riolidx  easily  beneath  the  dip  of 
itnp. 

A  Budi  better  arrai^ment  i»  that  shown  in  Fig.  54.  In  this,  the 
Pl  of  the  fn»li-air  pipe  F'ls  situiited  at  u  [Mjint  i«onie  distant.*  away 
I  and  on  the  house  aide  of  the  trap,  where  splashing  and  aeaimu- 
I  of  filili  caaDot  uTCur.    At  A,  tbc  entering  ituwage  falls  through 
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a  iliHtaiioi*  nl'  al>otit  Ivro  inolte^  at  L,  an<]  can  fbro:  any  w>Ud  nwl 
under  thv  dip  und  oiiivard  tbrotigli  'S'.  It  uHll  be  Qoted  by  the  din 
tion  of  the  nrrowH  in  Ix>th  figtirea  that  the  normal  direction  of  Otti 
uurrrnt  is  inwanl,  but  under  tjumc  vondilJonH  uf  inleroal  and  I'ller 
temperature^,  as  for  example,  in  summer,  the  direction  ia  likely  M  ix 
rc^vprst-d.  In  wiiitt-r,  owtnj»  to  the  liifjlicr  tonipfnitnrp  of  iIh-  boiij^ 
the  movement  in  the  soil  pipe  is  nniurally  upward  and  oiilwanl,  i 
in  th(-  piiH-  F,  in  downwikrvl  and  inwurd. 

Waste  Pipes. — The  pipes  oounecting  fixtures  with  tJ>e  soil  pipe! 
known  as  \v».-<te  pi|>i^     They  are  oonimouly  inade  of  lead,  thoit^  • 

Fro.  da. 


Sag*  tn  ma  Impnpnly  itt6  pipn 

iron,  wrought  iron,  and  galvanized  iron  nrv  aW.)  emploml,    Tlie*i-| 
vantage  of  iisin^  lead    in   that    it   is  more  easily  nin,  esp^-ially  ml 
plaws  wlifrt-  Ijcnils  and  angles  are  ucccs«u-y,  and  rwniirw,  tlicrcfoif,! 
a  smaller  number  of  joints.     The  disadvantages  are  the  liabiliij' l»J 
pcrfonition  by  nniU  r-arclcssly  driven  and  hy  gnawing  nitji,  aDii 
possibility  of  the  formation  of  air-locks  through  saggiDg  of  a  pf 
improperly  laid.     These  ocimr  .«)metimes  when  a  pipe  i»  not  pn 
erly 'supported  or  where  high  |)oints  and  low  points  occur  in  u  > 
run.     Tliin  is  shown  in  exaggerated  form  in  Fig.  51).     Here  wetMl 

ria.  M. 


scries  of  low  points,  iu  which  n-atcr  will  atiind  and  whore  sedimntl 
acGumnlatc,  and  a  eorrttnpflntlingnnmiic-r  of  high  pointi*  (xintaiaiigl 
Tbe%  ini]>ede  thi-  Sow  of  water  onward,  and  if  the  pressure  is  lovJ 
series  of  tliem  in  a  single  run  may  stop  it  altogether. 

Iron    pipe*    powirss  wh.itever  advantage  attaches   to  rigidity, 
while  they  ai-e  not  so  easily  adapted  to  nrooked  runs  and  rrijuire  i 
joints*,  it  iniiat  bt!  said   that  the  latter  are  quickly  ami   easily 
when  screw  couplings  are  employed.     Some  joints  are  made  by 
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tag  directly  into  litibts  nml  some  by  meaiiH  of  ordiuury  L'oupliiif^,  the 
result  iii  either  oaso,  ua  ithowti  iii  Fig.  '}G,  hcing  [lerfeotly  flush 
filliii)!^ 

NVaatc  pipes  Deed  ordinainly  he  not  larger  than  1 .0  inches  in  diameter 
nor  h«nvi(.T  thmi  ihroe  pounds  to  thv  foul.  In  those  cuBeB  where  the 
supply  pipes  deliver  a  heavy  i^Cream  of  water  under  large  preseure,  it 
may  be  iit-iirwary  ti>  use  a  larfjtT  iiizi!,  in  orddr  to  ensiiiv  the  removal 
of  all  the  wsler  n-ithout  danger  of  overflow.  Too  large  pi|ws  mid  toti 
Mnall  pijKM  are  equally  Ixwi.  If  too  smnll,  llic  overflow  is  retarded 
and  they  are  easily  ohoked;  if  too  krge  for  tlie  fixture  from  whioli 
they  lead,  they  eannot  pnxMihly  W  thonniglily  fln.-<hed,  Imt  are  soon 
COabM)  with  gnjuw  and  other  dlth  and  evontiislly  become  eompl<.'t<.-ly 
oooluded.  Thus,  a  S-incJi  v,-aat<.*pipi-,  nttucht-d  to  a  fixture  by  a  1.25- 
incb  joint,  would  be  quite  too  large  and  out  of  place. 

Lead  waste  pipes  can  be  joined  to  iron  soil  pipes  in  the  manner 
already  dc«cribfd,  and  to  wrought  iron  by  bra^  ecrcw   nipples  wi|>ed 
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KunnlDii  Imp. 

on  to  the  lead  with  solder  and  Hcruwcd  with  red  lead  into  the  tbrtud 
of  the  fitting.  Lfiw)  should  always  be  joined  to  lead  by  wiped  solder 
joints  and  never  by  aip  or  "copper  bit  "  juintd,  exuepting  when  tlie 
ojv'nition  of  wiping  is  clearly  impossible. 

Traps. — Each  ttcpiinile  fixture  connvoted  with  the  moil  pipe-,  that  is 
to  say,  each  water-closet,  wasli-bowl,  bathtub,  eto.,  must  be  provided 
witli  sonic  form  of  tni])  situated  a.*  near  it  us  |>os^ble.  A  good  trap 
will  wholly  prevent  the  passage  of  all  air  or  gas  or  odor  from  the 
wMte  pipc!  or  snil  pi])e  backward  int^i  the  air  of  the  house,  while  per- 
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mitting  the  fret  ptmgc  of  liquids  and  suspended  solids  toward  tliu 
sewer.  It  should  bo  of  such  construction  a§  will  admit  of  ready  in- 
(!jx-ction  and  cleaning,  and  under  ordinary  circumnUiiKKv  ohould  1>e 
self-cleansing.     Improperly  trapped  or  untntppcd  fixtures  are  a§  much 


440 


tfABlTATIOXS,  SCHOOLS,  ETC 


to  be  avoided  U8  Irakis,  the  rrsiilt  in  vithor  out  being  the  nmc  «o 
as  the  parisage  of  offun^tivc  odors  is  concerned. 

TIk-  siiiip!f«t  form  vf  tnip,  chIIiiI  runnimj  trn[>,  consi^it  of  ti  do* 
ward  bend  in  a  horizontal  j)ipe,  as  shown  in  Fig.  57.  When  wal«T  id 
diKclinrg^-d  through  such  a  pipe,  the  dcprc«»cd  portion  u-ill  N-  found  i 
stand  fill)  of  watiT  when  the  dlschai^  ceases,  and  this  bodj  of  vrat« 
will  [in'VL'nl  l)ii-  |iai>.-i;(}:(-  of  nir  in  4'ither  dire<'tit)n.  But  if  ytifficiei 
pressure  ia  excrtifl  on  either  side  to  force  the  level  of  th«  nraterontlu 
liide  d[)wri  to  the  lotvoi^t  jHiint  of  the  Ix-ihI,  nir  mnv  bv  forced  tliron^i^ 
as  is  shown  in  Fig.  -iS.  Thi;  water  between  the  water  level  and 
lowi-st  point  of  the  up]ier  internal  surfa^w  of  lhi>  iH-nd  \*  koown  na  I 
wal,  nod  till-  shonld  ni^'vrr  be  IctW  than  \.'>  inches  in  depth.  In  Kigj 
o7,  the  seal  is  that  which  lies  between  the  two  dotiM  line*!. 

Thijt  form  of  Imp  is  one  of  a  cla»i<i«lk'd  roiiW-pi^K  tr3p<,andlol 
class  belong  a  number  of  forms,  five  of  which  are  shown  in  Fig.  '< 

Fi».  m. 
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Piiruii  at  riHiDiH>lp«  Unfa, 

These  are  the  H~trap  [A),  the  Uatf-H{B),  the  Thrff-quarifrS  (C),* 
Riaininjj,  alrcjuly  deKcribt-d,  [D),  and  the  DouhUS,  or  Jfu»eJibafk,\i 
These  several  forms  are  in  all  cases  of  the  same  .siw;  thronghont  i 
ihcrffori',  mil  past  anything  which  can  gjiin  entrance.  Witli| 
Bushing,  they  are  easily  kept  clean,  hut  they  are  quick  to  lo«i-  tlioit 
by  A  sudden  flow  of  water  thi-oii^h  tliem  or  by  disturbance  of  atmosph 
pressure  protluced  by  the  sudden  discharge  of  water  lliroitgh 
wilh  wliich  I  heir  own  pipes  are  cormecicd.  The  means  for  the 
%'ention  of  this  occurrence  are  considered  below. 

Another  class  of  simple  traps  includeti  all  tbo»e  known  a.«  AofKrI 
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Pot  trap#.     Ill  oiM"  form  of  Ihc  l)ottIc  trap,  the  principle  of  which  is 

shnwi]  in  Fig.  l!'),  the  end  of  the  iiilel  pipe  dips  rwivonil  inehe.s  inb>  the 

pcwl  of  wuUt.     In  ordiT  to  (irivc  nir  ImckwanI  llirutifili  the  inlet  pipe 

A,  it  would  he  necessary  to  exert  pressure  suftietcnt  to  force  the  water 

within  ttw  chiimhcr  B  npwiinl  through  A  until  m 

level  ifl  brought  down  to  the  lower  end  of  .1.     Under 

ordinary  c-irvum.ntiUitH-^,  such  a  pr(T*sun'  would  W  ijiiite 

inipoesible.    To  drive  air  in  the  oilier  direction  through 

A  into  It  in  let^i  diflieiilt,  hut  thin  will  recjuire  n  j>rc-e- 

earc  suJIieient  to  depress  the  water  standing  within 

A  down  to  the  outlet  of  the  pipe. 

In  Fig.  til  i><  »liuwn  a  triip  of  this  kind,  in  which 
there  are  two  inlets ;  the  priuctpnl  one,  the  pi[»e  /,  and 
the  second,  which  conncctK  with  the  overflow  of  the 
fixture,  the  pipe  B.  The  arrows  indicate  the  direc- 
tion of  movt^mi-nt  of  the  Hcwngc  thnxigli  the  pot.  Ag 
the  level  ri^^es,  the  excess  runs  oiT  through  the  outlet 
0  and  di.'^cliargeii  downward.  The  npjHrr  jmrtion  of 
the  pipe  mnrked  I'  connects  with  the  vcnliluting  pi[K-, 
in  which  free  circulation  of  air  is  laaiulained.  The 
ohject  of  tliis  is  explained  hclow.  This  form  of  trap  is 
made  to  lose  its  seal  only  with  great  difficulty,  though  a  part  of  it  may 
be  lost  by  siphonag^.  The  objeclion  to  thin  form  nf  trup  is  tlie  likeli- 
hood of  the  accumilktinn  of  filth,  for  unlike  the  round-pipe  trap,  they 
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Tut  fbnni  of  *oBlUil«l  tiMtte  trai*. 

arc  not  »ielf-clean)>ing,  sinct^  the  whole  contenla  are  not  set  in  motion 
each  time  the  fixture  is  used. 

Atiulhcr,  .-iiniphT,  form  of  [Kit  trap  is  that  shown  in  Fig.  02.  Here 
the  inlet  tube  /  is  not  immersed  in  the  lii|uid.  but  oimiininiteiitej^  directly 
with  the  lower  part  of  the  chamber  ;  the  outlet  0  starts  from  the  upper 
part  of  the  chamber,  and  the  commimii.vttioti  with  tlie  ventilating  pipe 
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«    «      P-^ 


IWIlnp. 


has  its  exit  at  tlii;  crown.  It  will  be  observed  thnt  in  butli  iIkw  funni, 
ihe  »ca]  ia  quite  He^^p.  The  uudue  aecuuiulftttoa  of  filth  in  tbes«  traps 
muift  be  p^ur^Ltl  iig»in»t,  iiiiii  for  this  ptirjiose  clran-oiit  I»f)l«,  diWd 
with  metallic  screw  caps,  are  provided.     A  large  accuniulaiion  of  filth 

ill    oDv    of    tlK»«    traps 
Fw*.  ra.  makes  siphona^  of  thel 

Mill  more  eatulv  brougbtj 
about.  This  class  of  tr^l 
\»  UfvA  nnlj'  under  Eiiib,J 

basins,  bflths  and  wifhlabs;! 

/     never  under  any  cirwim-J 
f     stances  under  waterH:losete.| 
Among    the    traps 
pending  upon  mecnaoic 
devices  to  asejst  the 
seal,  the  Bntl  tray  may  I 
taken  as  a  type.     IntbijI 
rurm  (shown  iu  Fi^.  I>3),1 
the   up-cast   limb  of  the   trap  consists  of  a   chamber  con^itierabl; 
broader  than  the  iitlct  bmneli,  and  contains  a  ball,  the  )«])eGi6c  gnn 
of  which   is  slightly  greater  than  that  of  water.      This,  when 
contents  of  the  trap  are  at  rest,  rests  on  ittt  seat  and  mak«  h  pf 
tifjht  joint.     When  liquid  is  dischurgivd  into  the  tnip,  the  bail  J!  is 
thrown  upward  into  the  position  indicated  by  the  doited  line,  tincl  vbva 

Fio.  M. 
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lltll  tnp. 


tlic  flow  eeases,  it  drops  back  again  into  its  orijrinal  potiitiou.     It  i 
Dot  escape  from  the  cliuniber,  since  there  is  not  spac«  enough  for  it  I 
pass  between  tlie  lip  of  the  ]>ot  and  the  top  of  the  cover. 

This  form  of  trap  cannot  be  siphoned  out,  becuiisc  of  the  »i»  oft 
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{Ml,  but  with  <]!siiMO,  it  niiiy  lose  Us  seal  by  cvuporatloii.  In  audi  an 
event,  however,  the  ball  retains  itA  seal  and  closes  the  joint.  The  great 
objection  to  this  tnip  i.71  tlint,  «'V'Cn  thouj^h  iiuthinj;  which  should  he  other- 
wise tlUposeil  of  is  thrown  into  the  lixtnre,  a?,  for  instaiioe,  niiitcheii  and 
other  objects,  the  wmt  of  the  ball  is  likely  bo  bL-come  ihu  point  of 
tlcpoflit  for  hair,  bits  of  cotton,  linpn  fiber,  and  sponge,  and  then  a 
gas-tight  Joint  oannot  be  made  with  llie  ball.  As  a  matter  of  fact, 
indotid,  all  mocfaauical  devices  in  traps  are  mneh  inferior  to  the  ordi- 
nary water  ^teal. 

Another  form  of  trap,  much  iixt-d  in  kitchoa  sinks,  is  known  as  the 
Btlt  trap.  (See  Fig,  ti4.)  In  lhi»,  the  delivery  pi]>e  />  projcelm  for 
MHne  diMtancv  upward  into  the  reservoir;  the  inlet  oon^isttf  of  a  straioer 
•S  to  which  is  attached  the  l>cll  11, 

whi<-h  dipN  inio  the  ]khi1  of  water  P'O-  "^ 

in  the  reaer\'oir  and  encloses  the 
outlet  of  the  pipe  l).  There  i», 
it  will  be  seen,  no  direct  commu- 
nication between  the  air  c^oi]iaine<l 
within  the  bi'll  nnd  that  above. 
Tlie  waste  reaches  the  reservoir 
thmiigh  the  hol(»  in  llie  strainer, 
and  as  the  level  of  the  li((iiid 
rist*,  it  ei^CApes  through  Ji,  This 
form  of  trap  is  c]uile  likely  to  be 
oboked  by  de))n8ili4  of  small  bit« 
of  food  muterinl  nnd  oilier  sul)- 
Rtances  forced  through  the  hole* 
of  (he  strainer  with  the  aid  of  a 
sink  brush.  It  is  also  easily 
mphoned,  and,  furthermore,  being  iitv»n  it»p. 

easily  removed,  it  very  commonly 

hap|iens  llmt  the  fixture  is  utilised  by  laxy  servants  for  the  dis])08ul 
of  waste  mutters  which  should  be  deposited  elsewhere. 

Grease  traps  are  deviees  for  preventing  the  choking  of  dmins  by 
gniise,  which,  discharged  in  the  liquid  sUilc  with  hot  water,  solidifies 
when  it  comes  in  eontaet  with  the  cold  surface  of  the  waate  pipe  and 
adheres  thereto  with  great  tenacity.  The  coating  which  it  forms  bc- 
ootnes  tliicker  and  thicker  through  successive  applications,  and  eventu- 
ally may  occlude  the  pipe  so  completely  that  the  trouble  must  b«  at- 
tacked from  the  outside,  the  remedy  requiring  sometimes  the  removal 
and  incidciitHl  de.itructton  of  an  eiitirt-  lengtli  of  pijie.  Orea»e  traps 
may  be  located  beneath  the  sink  or,  preferably,  in  a  place  provided 
therefor  outside  tlie  hou.ie. 

A  common  type  of  this  device  is  shown  in  Fig.  65.  The  greasy 
water  runs  into  the  reservoir  through  the  inlet  /,  and  the  liquid  grease, 
being  lighter  than  the  water,  rises  to  the  surface  and  forms  a  scum, 
which,  when  cold,  solidifies  into  a  cake.  The  outlet  O  of  the  trap  dips 
far  beneath  the  surface  and  so  discharges  none  of  tlie  accuniuluted 
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greaw.  Air  ia  admitted  through  V  ant!  can  circulate  tliODcc  ttimn^h  I 
the  inlcl  pifW  /,«-■«  iiuIieatMi  hy  tlip  arrows.  Th«  awHniulated  grrasel 
must  be  removed  |>erk»dic«lly  through  thi-  cleaiMXit,  whicli  ii^  cliwdl 
by  thi;  cover  <'.  A  larger  and  niorcoomplicalwl  ajipamtus  i.'^showuial 
Pig.  66.  Here  the  chamlKir  is  cnclotM^  in  u  jacket  .1  if,  ttiroti};!!  wMeh] 
cold  water  is  allowed  to  circulate.  The  dirty  water  enters  throujii . 
and  di«imrgc«  from  the  iipiRT  branch  0,  which  is  vcntvd  through  I*.! 
'Hie  gr«>a»e  aopiimiilateg  at  (.'  and  ia  removed  through  the  top,  wliichi*' 
cloficd  by  ihc  hiiigwl  cover  ('. 

There  are  many  other  fortns  of  grease  interceptors,  but  ikhic  i*  ] 
feet,  for  under  the  mo«t  favoring  eireum^tancs,  .wnie  grea.'u>  will  ffopii 
and  may  congeal  on  the  surface  of  the  waste    pipe  or  dniiii.    Allj 
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grease  traps  must  be  attended  to  at  short  interval*,  else  they  may  I 
almost  completely  fitlod  with  iiolid  grcaac. 

LOBB  of  Seal. — Tr:ip!^  muy   lose   their  xciil   in  various  wayt' 
aiphonage,  by  evsiporation,  hy   back   pressui'e,  by  leakage,  by 
tatioM  of  si'diiiii-iit  and  by  capillnry  Httniotiuii,     The  most  imp 
of  these  is  liiphonuge,  for  the  prevention  of  whidi,  two  methoiki 
commonly  employed.     In  one,  the  up-cni^t  limb  of  Ihe  trap  is  wid 
so  that  it  bc-('"«iie»  «  pot  or  reservoir.     A  large  reservoir  will 
iiiphonit;  action  much  more  niiccfw<fiiliy  lliiin  a  small  tme;  an  S-iiio 


pot  c.iiiiiot  be  Biphoni'd  through  a  not  of  ordinarv  siw,  a  4-inch 
-  ■  ity 

inches  is  inadequate. 


resists  only  when  its  seal  is  uuuaually  deep,  and  anything  less  thsDJ 


This  form  of  trap,  however,  offers  decided  objeoiiim.  In  the  fid 
place,  it  is  likely  to  aecnniitlutt'  much  sediment,  and  in  the  s*-c<iodJ 
constitutes  a  miniature  ci-sspool,  the  presence  of  which  iu  a  systenij 


loss  OF  SEAL. 
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plamtMiif;  Rnuiiot  be  counlcnaiioed,  sincv  ttewagp  mattor  should  Iw  die- 
cbsrgej  in  as  fresh  a  condil.ion  aa  poiwible  and  not  in  a  state  of  putre- 
iiiclioii,  u-liicli,  if  c>-*«|i>M>Is  are  employed,  will  incvitnlilv  lie  hroui;lit 
about.  Moreover,  this  form  of  tra|)  in  very  expensive  ami  bulky.  In 
Uk  other  method,  tlie  »p-cn«t  hrunoli  in  ci>nueL-t<Kl  with  a  wntilutiiig  |iipc 
by  a  brunch  from  its  upper  portion.  Unless  one  or  the  other  of  these 
two  uicthoiU  is  iiili)pliil,  till'  contt-iil«  of  thi:  trup,  [Mirticulnrly  in  tlu' 
case  of  a  round-pipe  trup,  are  likely  to  be  siphoned  over  when  its 
fixture  IS  used  or  when  n  lar^>  volume  of  water  is  diwhargcil  from 
some  otlier  fixture  into  the  soil  pi[>e  and  in  its  descent  causoi  a  purlial 
vacuum.  In  the  former  case,  thi,'  trap  t:<  rtvlf-^iithuneil ;  in  the  hitter,  the 
ptirtinl  vocunm  draws  the  water  over  and  breaks  llie  seal. 

If  the  trap  communieate.-*  with  a  ventiluting  |>il>e,  this  disturbance  of 
Cfiuililmnm  cannot  oociir,  since  the  descending  mass  of  waUT  ciiuse«a 
downward  suction  of  air  ihrongli  the  vent  pipe  to  satisfy  what  would 
otherwise  be  a  partial  vacuum.     In  Fig.  UT,  th?  diagram  on  the  right 

FiQ.  B7. 


EffMU  of  leutllatioD  *nil  nnn^riiniUulaD  at  ingH. 

shows  the  condition  uHer  siphonnge  has  occurred ;  the  greiiter  part  of 
the  waler  has  been  drawn  over  until  uir  ciin  be  sucked  ihrough,  and 
that  which  remains  htu  fallen  back  into  place.  The  result  is  lliut  a 
free  irommunioation  exists  between  the  fixture  above  and  the  soil  pipe 
below.  The  diagram  on  the  left  shows  the  condition  of  the  acal  if  the 
trop  is  connected  with  a  ventiliiting  pipe  ihifMigh   1'. 

In  venting  lrii]W  In  this  way,  the  position  of  the  vent  pipe  is  of  o*)n- 
stderablc  imporlanec.  Onliiiarily,  it  is  plaa-d  ils  shown  in  the  figure. 
The  objection  to  this  procedure  and  the  proper  method  are  shown  in 
Fig.  tJS.  If  the  pipe  enters  in  llio  niiddh'  of  the  bend,  eaih  discharge 
of  sewage  into  the  trap  causes  a  projection  of  the  liquid  upward  into 
the  pi|>c  V,  and  after  a  time  un  aanimulation  is  likely  to  ooour  at  A.    If 
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the  pipe  is  sitnatod  further  to  the  right,  i\*  in  the  drawing  o«  llic  ri^l 
this  accuiuulalion  is  not  likely  to  occur  and  the  sewage  and  the  bit  t^j 
the  dirrdimis  indirailwl  by  the  arrow-!!!.  The  vent  pijio  1^  luore  earilyj 
joined  to  the  trap,  however,  in  the  manner  to  uhich  objeetion  a  madtj 
The  venlilAling  piitc^  from  the  different  \r&\*t  of  a  frstem  of 
plurohing  connect  with  a  main  ventilating  pipe,  whicL  may  be  join 
to  tltc  .■<«>il  pi[)^,  alongside  of  whieh  it  runii,  at  a  jwint  iu  itd  up 
part,  before  iti>  prc>ieetion  through  the  roof,  ft  is  important  tliati 
jimetion  nf  each  vent  pij»  with  the  main  shall  be  at  a  point  above 
fixture,  einee  id  cv«  of  nn  olMlnietion  in  the  iwil  pipe  belov,  i 
water  may  hack  up  through  the  trap  and  discharge  Ihrongh  the  vmlf 
pipe  into  thenuiin  vent,  u»  ^hownin  Fig.  69.     Here,  tlM;  soil  ]>![■« ^'1 

Pio.  68. 
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luprDpcr  aad  pra|wr  poaltlosi  of  ml  |>)paL 

been  ohstnicted  at  a  point  jngt  below  the  entrance  of  the  wa_6ti-  [mb 
from  the  fixture,  and   water  bas  aecumulnted  throiigliout  the 
len^h  of  waste  pipe  and  is  discharging  into  the  main  ventilating  i 
«t  V.     If  the   (loiiil  V  were   higher  than  the  upper  margin  of ' 
"bowl,  this  could    not  occur,  since  the  bowl   itself  wouM  fdl  and  oW 
flow  inio  tJie  n«>ni  and  thus  call  alteiition  to  the  obalruetion, 

ITon-iipIioains  Traps. — A  number  of  traps   known  as  woii-ci/'Aofli" 
have  been  devised  to  obviate  the  necessity  of  hack-venting,     Anw 
these  may  he  meulioued  the  "Sanita*/'  invenK^d  by  Mr.  J.  IVierin 
Piitunm,  and  the  "  Ilydric." 

The  .SiitiliiH  trap,  jthown  in  Pig,  70,  \*  made  proof  agiiiu#t  sipho 
uetion  by  a  deflecting  partition  within  the  chamber,  which  permit*  i 
paB>^'ige  of  air  ahoi-e  the  water  and  throws  bavtt  a  volume  of  wah 
,iiiiluuent  to  inuinlain  a  »ii-al  over  three  incites  in  depth,  which 

a  long  time  and  cannot  be  destroyed  by  capillarv  i 


yossipiioyrxc.  mAps. 
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m.     Whra  fltlaclwd  to  6ztun%  with  hirp^  oiitletif  iiiid  quick  din- 
',  it  ix  a1w>  M>lf-<!leanaing,  even  when  aahefl  and  similar  unusual 
twats  of  sewo^  arc  thniwn  into  it.     In  tliv  figinr,  thu  m^vcdiI 
are  shoH-n  separately  ;  the  main  tttracture,  the  chamber,  and  the 
pArlition. 
titydric  trap,  shown  in  Fig,  71,  contains-  no  deflecting  partition 
thcr  met-hunicul  device,  but  depend^i  upon  tlie  avtion  of  the  up|>er 
of  the  body  of  the  trap  in  deflecting  and  throwing  buck  the 

wnter  (hiring  tho  Hncking  of  the  air 
through  the  chamber  and  over  tlie 
water.  When  the  siphoning  action 
18  finished,  a  r-nHicicnt  volume  of 
water  remains  to  form  a  permanent 
«enl. 

Evaporation  of  the  seal  docs  not 
coinniouly  occur  i^xccpt  with  long 


Flo.  70. 
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t)»nwto»ur  iraitfipc  ■nil  Oiniv  <'ui- 


MUrltn!  I(11J>  tlul.C'U  ■|IIIFll. 


It  ia  favored  by  trap  ventilation,  since  when  n  eurront  of  air 

in  constant  contact  with  it  Itody  of  water,  con)^tant  alMorption 

,  pnKVsvi.     In  order  to  prevent  loss  by  evaporation  in  ca.sc  of  long 

e,  two  proco««»  are  in  vogue.     One  ii?  to  eni]»loy  a  trustworthy 

to  visit  the  premisec:  weekly  during  the  alwenoe  of  the  oocu- 

iih  each  fixture.     The  other  and,  on  the  whole,  the  more 

to  pour  into  each  fixture  a  sufficient  amount  of  glycerin, 

h,  being  hygro«Mjopic,  wii!  ijike  water  from  rather  than  yield  it  to 
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th«  atmospWre,  or  of  oil,  which  will  float  on  th«  aur&oe  of  the  wiler  I 
and  prevent  \tt  absoqitJon  l>y  tlic  ftir. 

Bauk  prewiiirc  U  s  foive  which  is  not  muob  to  be  feared.    In  fonno 
tinn.'s,  whi-n  it  wu»  not  cii^tuiiiiir)-  to  venlilitU-  the  Mil  pipe,  bitck  p 
sure  waa  not  UQcomiuonly  caused  by  winds  and  the  action  of  tidraj 
thiit  (hv  nir  in  the  wttuli^  plumbing  ^yittcm  wai*  oompres8ed  and  the '. 
forced  backward.     Sometimes,  a  trap  situated  near  the  bottom  of  a  i 
stack  i«  foroctl  by  back  piW'tturp,  bmught  about   by  ihe  descent  of  i 
column  of  water  pressin)*  t)ic  ctiittained  air  ahead  of  ft. 

[jeakage  a.t  a  nause  of  \os»  of  Aeal  ir*  too  evident  to  require  i?ipla 
tion.     Accumuhition  uf  sodtmcRt  may  be  mi  vxtonsivv  as  to  i\-pUne  i 
water  in  great  part  and  thus  render  siphoning  much  easier.     (lapUli 
altnietioii  is  n  not  infrwiiicnt  cHiiw  of  lo««  of  seal  wlwn  Bcctiiimlatioo 
of  hair,  threads,  and  other  like  Hiibstances  occur  in  a  non-ecouring  i 

Fio.  71. 
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at  the  outlet  nnd  drain  away  htUe  by  tittle  th«  flxtur«  «dc  of  thei 
into  tlic  outfall. 

It  is  Imrdly  nece»uiry  to  say  that  nothing  should  be  tlirown  il 
traps  excepting;  tlnwi-  runttcrs  whioh  arc  recognised  as  consiiracoU  i 
normal  sewage,  that  is  to  say,  neither  iiiat<^hea,  nor  rags,  aor  br ' 
china,  nor  wad*  of  uow.'tpaiier,  nor  stiff  writing  jKipcr  not  easily  i 
integrated  by  the  action  of  water.  All  sui;h  substances  are  likely  i 
only  to  clog  traps  and  spoil  the  seal,  but  to  form  obstructions  in  I 
soil  pipe,  particularly  when.*  bcndv  occur. 

Tlitt  extremi'^ts  who  cling  to  the  sewer-air  theory  of  tniii»inij«ioa  < 
disease  arc   imt   aiwayf  sati.*ficil    witli  ordinary  (ntpping,  feeling 
that  the  water  in  one  branch   of  the  trap  will  absorb  di»t:aM:] 
fVom  the  sewer  air  and  disohai^  tliem  on  tlie  fixture  side.     To  av 
this,  a  Byatcm  of  double  trapping  baa  been  advocated,  witli  whicin 
anoe  is  made  doubly  i^ure.     With  this  arrangeniont,  wc  have  t«v>  i 
in  immedifttff  ancecs.s:on,  w>  tlint  the  waste  from  the  first   miut 
through  the  sccjnd ;  thus  we  have  two  seals,  and  any  poiaon  j^wor 
from  the  furtlier  one  and  disengaged  backwards  will  then  miMi 
a  second  obstruction. 


WATBB-CIOSETS. 
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Beudes  the  manifest  absurditj'  of  iiiich  extreme  precaution,  there  is  a 
decided  olijoctiun  to  tlii«  arr:in^cm(.'Dt,  since  thv  »»licl  iri.-ittcrK  »ri>  likolj 
lo  lodge  in  the  second  trap  imd  <-aii*^  it  to  he  olwtnictpd.  While  the 
h«id  of  wntor  niiiy  bt-  siifficit^'nt  lo  drivo  lh«  vriistc  tlimiigh  \mw.  imp, 
it  19  bv  no  meana  certain  that  it  will  be  strong  enougb  to  drive  it 
throuf;ti  two,  and,  «*  ii  matter  of  fact,  it  nsimlly  i«  not  sufficient. 
Moreover,  between  the  two  traps  an  air  lock  is  likely  to  form,  and 
tlint  ill  it.-'i'lf  H  n  decided  objection,  nif  hns  Iteeh  idn-iidy  cxjilained. 

Water-closets. — By  reason  of  the  fact  that  their  general  employ- 
ment i.'«  a  matter  of  oomparaiivcly  recent  time^,  it  it«  very  conimooly 
believed  (hut  wnter-closcle  are 
the  invention  of  the  last  half 
oentur}'.  Tltcy  date  back, 
however,  many  centuries,  for 
■o  a  somewhat  simpler  fomi 
Itiey  were  in  use  in  ancient 
KoDic  and  Ppm[)oit,nnd  pmh- 

lably  even  earlier  in  Asia  and 
Africa.  Thcsu  primitive  foriiiH, 
however,  were  devoid  of  tho 

.mechanical  appliancc«i,  Hushing 

pinnks,  etc.,  of  the  elo»ct»  of  Uie 
present  day.  It  is  .laid  that  the 
prototyiH*  of  the  pnwnt  clowjt 
was  in  use  in  France  nnd  Spain 
eforc  the  Mxlt'enth  e^-nliiiy, 
!)Ut  so  far  as  is  known,  no  diti- 
grams  of  their  ix)n!*truction  are 

.extant.     In  Eu^hind,  the  Itr^t 
>ter«lo8ct    with    a    flushing 

'  apparatus  was  constnirted  un- 
der the  direction  of  Sir  John 
Ilnrin^on  at  lli!<  country  seal 
at  Kelston,  near  Bath,  and  de- 
MTihcd  by  liim  in  n  .'^tiricid, 
semi  -  political  work,  "An 
Anatomy  of  ilie  Metamorphosed  Ajax,"  printed  la  159B,  from  which 

htrork  Fige.  "2  and   7.1  nr<?  taken.      Fig.  72  shows  tlie  details  of  the 

'apparatus  described  by  him  as  follows : 

"  Here  arc  the  parbt  8wt  down  with  a  rate  of  the  prices,  that  a 
builder  may  guess  what  be  halh  to  pay. 

■  d 

'Mtliocutom;  stone  or  brick.     Prii-«... it  8 

h,  A,  t  ihu  pipo  that  comnii  [rom  Ibc  ciKtcnl,  wilb  S  (topple  lo 

the  wuker. 3  6 

«KWul«  pilic. 1  0 

/  f  tbt  «tMn  of  ih*  Kmil  ■topple,  with  ■  kcjr  lo  il 1  6 

AUietbnii  at  the  upiwrbrim  uf  tli*  voawl  oratnol-pol 

m  ilw  *tool-pat,  of  none 8  0 

SB 


B<«lucc»l  rumlmilp  nr  ihaaldnt  liDOirn  limt)  inn 
IDII  ihu  will  K  iloUlli  of  k  WktOr-ClUHl- 
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n  ibi!  );rest  bmM  dlukuv  l«  whli'li  i»  thrro  uicW  (mnvDI  la  wml 
it  dnwn  snilop  inloUiv  J&i 10    0 

t  the  will,  mill  a  iwok  dsvpiit  for  elbaw-roooi.  Tlic  wkole 
ohaiige  tliirly  •lil'lliiir>  and  djihi  pen>'<' :  yat  n  niuwn  ot  my 
moMen  wna  oircn^il  iliirtj  puumls  for  tin-  ]lku.  Mviuoraniluin. 
Tha  Kalv  i«  itlraul  half  nd  incb  lo  a  foot." 

Fig.  73  Ehuwe  the  nppiirntiiit  »ct  up  niid  durmj^  flii^hin{;.  "  HtTP  is 
the  »niiie  nil  put  togcllier ;  that  the  workman  niuy  see  if  it  be  well. 
A  the  cislvrD.  C  the  litllv  wMsher.  n  the  wiwte  pipe.  D  ihe  sent 
bourd.  r  the  pipe  that  comes  from  the  cistfru.  /llie  screw.  <f  tlie 
Bcallop  shell,  to  euver  it  wlivii  il  w  shut  dowii.  //  the  stool  pot,  i  tlu- 
^topple.     k  the  current.     I  the  sluice,     m,  A'  llie   vniilt  into  which  it 


tolU :  alw»>-8  rcmcnilx-T  that  ( 
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)  at  DooD  and  at  night  etu|ity 
it,  AJid  ]«avc  it  half  a  foot  deep 
in  fair  water.  And  this  being 
well  done,  and  ordctrly  kept,  your 
worst  privy  may  be  as  sweet  as 
yonr  betit  chamlicr." 

Wo  hn\-c  evidence  that  even 
among  peoplea  not  dajis^  among 
tht'  highly  civilized,  the  use  of 
water-cloeetft  is  by  no  means  of 
recent  date.  Thus,  Ogilbr  in  bia 
elaborate  work  on  Africa,  pub- 
lished in  1070,  dewribiiig  the  city 
of  Ftit,  suys,  on  pa;p^>  1ST  :  "The 
River  Fck  whicn  Paulus  .Ioviu<> 
calU  Uhasalme,  pa«se»  through  the 
City  in  two  Rranche«;  one  nins 
Sotithwnrd  towards  New  Fez,  and 
the  other  West ;  each  of  ihew 
Htibtlividing  into  ininiy  utlivr  clear 
running  Channels  through  Ilic 
StreelK.serving  not onely  each  pri- 
vate House,  but  Churches,  Inn?., 
HoHpiraU,  and  all  other  publick 
Plauee  to  their  great  convenien- 
ces. Round  about  the  Mosqunt 
are  a  hundred  and  fifty  Onimon-Hun«c8  of  luisenient,  bnilt  Four- 
square and  divided  into  Single-Stool -Rooms,  each  furnished  with  a  (Virk 
and  a  Marble  Cii^leni,  whii-li  ^eiinretli  nud  \nrv[**  all  m^t  and  clean,  as 
if  tbe*c  places  were  intended  for  some  sweeter  Emploj-ment," 

The  water-cloeelfl  of  ihepre.'tent  ilav  may  be  divided  into  two  olassee; 
diose  having  movable  internal  mechanism  and  those  having  none.  To 
the  former  class  belong  the  plunger,  or  plug,  ein.ici,,  the  |Kin  el>MK*t,  and 
A  number  of  others  ;  to  the  latter  belong  the  hopper  closet,  the  varioun 
waah-out  closets,  the  siphon  eloseltt,  and  the  siphon  jet  eIom>ta.  To 
Attempt  lo  describe  all   lite  diOcrent  forms  on  the  market  would  be  a 
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tedious  and  iiselen:*  tank,  fortlie  pntented  devi«>>>  alone  niti  u|i  into  llic 
hundreds.  Tlicirfortr,  in  thv  following  piiR«H.  only  tlioee  which  mav 
be  taken  as  types  of  the  worst  and  bpst  will  lie  deKcrihed.  First  will 
be  descrilK-d  thosr  of  diiflinetly  oliji-etionuhlf  conhtruction.  These  in- 
clude a  number  which,  while  they  are  no  longer  introduced  in  ooni- 
roiinitiei^  hiivin^  niodt-m  phimbiii);  regulations,  exist  in  thousands  of 
bouses,  into  which  they  were  introduced  at  a  time  when  they  were  re- 
garde)!  iLt  iiiinidutvly  perfect. 

Th«  Pan  Closet. — The  principle  of  this  apparatus  is  shown  in  Fig.  74, 
which  in.  a  vc-rlicnl  ttectiim  of  the  working  part  of  the  clo:<ct,  free  from 
the  cabinet  work  in  which  it  is  usually  enclosed.  It  consists  of  a 
hopper  //,  provided  with  a  flushing  rim  and  closed  at  its  outlet  by 
iDeai»  of  a  hinged  pan  P,  which  is  released  by  a  mechanism  which  it 
is  unnecessary   to   ilhw- 

tTftte  or  explain.     When  f'«-  '*• 

the  pan  is  in  the  horizon- 
tal pwiition,  it  is  partly 
tilled  with  water,  into 
which  the  excreta  arc-iltn- 
eburged,  though  ordi- 
narily tliey  come  in 
contiK't  Hrvl  with  the 
surGtce  of  the  hopper 
■  above  the  water  level. 

The  closet  is  emptied 
by  pulling  n  knob  or  r 
liantllo  wbieh  releases  the  ^^ 
pan,  which  then  lakes  the 
position  shown  in  the 
figure  by  tlie  dotted  line^i. 
The  cmnlents  are  thus 
thrown  into  the  low«r 
chamber,  .'intl  full  into  the 
trap  below.  The  mecha- 
nism which  rcl<.4i8(«  the 
pau  also  starts  a  Bush  of  water  through  the  fluslting  rim  over  the  unr- 
faeeof  the  hopper.  This  Hush  is  supposed  to  scour  the  inlerior  an<l  to 
be  BufficieiUly  voluminous  to  ilrivc  the  excreta  over  the  bend  of  the  trap 
and  forward  toward  the  soil  pi[»e.  When  (he  pan  is  bmught  back  to 
itB  original  place,  the  flush  evnliniios  until  the  pan  i(t  filled  to  the  same 
level  aa  before. 

As  a  matter  of  fact,  the  flush  of  these  closets  is  ordinnrily  little 
better  than  a  mere  dribble.  The  front  wall  of  the  receiving  chamber, 
against  which  the  excreta  are  thrown  by  the  pan  in  its  di-scenl,  is  in- 
variably in  a  filthy  condition,  which  cannot  be  improved  by  any  amount 
of  such  flushing  tin  the  Apparatus  is  capable  of  giving.  The  conse- 
quence is  that,  each  time  the  pan  is  dropped,  a  volume  of  foul  air  is  dis- 
placed upward  into  the  room.     The  inlet  side  of  the  trap  is  oommonly 
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a  miniature  cesApoal,  since  the  fluBli  has  mt  little  haul  ihat  it  U  uiuhle] 
to  drivtf  objects  of  Itj^hlcr  specific  fjmvity  than  that  of  vrater  thnu^j 
the  trap.  In  the  il  hint  ration,  -S'  represent!*  wtial  i*  knoivn  M  ii  "mfe") 
to  cuti;li  all  (Irijipings  from  any  mxirci.-,  uud  from  this,  tiie  piperoon-J 
diicta  them  to  the  bend  of  the  trap.  This  whole  oontrivanco,  fonnerij 
tliv  prido  of  the  |)1iiniber'«  craf),  i*  now  generally  aod  justly  reganJa 
an  an  abomination. 

Th«  Plunger,  or  Ping,  Oloaet. — Thi-i  apjuinitiiit,  ifliown  in  FijB,  "5,  ill 
far  lew  objection  able  tliun  the  pan  closet.  It  conai.tts  of  a  r«Mnrer2,j 
in  whicth  a  kr^  volume  of  mit«r  can  l>e  retaincil  when  the  plun^,*^ 
plti^,  j4,isin  place.  WIkh  A  is  lifted,  the  contents  of  £ ejtcape dowi)- ] 
ward  into  the  trap,  which  is  vented  at  I'.  The  plnnj^r  A  mil  oah 
controls  th«  emptying  of  the  rec^vin-,  btit  also  acts  a-t  a  staiidiag  onr-l 

Fio.76. 


^ 


flow,  for  should  the  wat«r  in  the  reservoir  rise  higher  than  the  ujipaj 
level  of  flu*  pIungtT,  it  will  flow  over  into  A,  and  from  it  tliroiigli  ~ 
into  the  trap.  This  fixture  rei|iiires  a  lar^  amount  of  water  in  orfsj 
to  obljiin  a  [iropiT  flush,  for  iinlfss  the  flu^h  is  generous,  bit*  "f  p*!*'' 
and  other  mutcriiil  may  adhere  to  the  edge  of  the  outh>t,  m  thai  vihta- 
the  plunger  is  in  place  the  valve  is  not  tight  Naturally,  witli  a  lo 
joint,  the  contents  of  the  receiver  will  ooze  away  and  leave  il  in  •  i 
condition. 

These  two  forms  anffici?  m  Illiistnitions  of  the  objectionable  cliw< 
oloeets,  and  it  may  be  Niid,  in  general,  that  all  clouts  drpendiog  i 
internal,  mecfaanioil,  niovahle  parts  arc  objectionable,  and  all  of  < 
are  likely  to  become  excce<]ingly  foul. 

A   properly  congtrucled  water-closet  must  have  a  fiosh  of 
rliicb  will  wash  the  wlwlc  of  the  interior  surface  of  the  bowl 
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thoroughly,  cBrrj'  onwiml  nil  thu  filtli  hiiJ  other  mntrriul  beyond  tho 
tmp,  ami  Iciivc  llip  bowl  tilled  ft  ihe  proper  hcijfht  with  clean  water. 
It  must  be  ao  tli«r<nij;hly  elenned  every  lime  it  is  used,  (hut  no  filth 
e«n  remniii  deposited  at  any  point,  and  it  must  be  quite  free  from  any 
disagreeable  odor. 

Hopper  CloHftt. — The  eimplcst  form  of  non-mechanical  closets  19 
known  as  ilu^  Hopper,  which  in  shown  in  Kig,  7(i.  The  illutt  I  ration 
hnnlly  ntK-A*  vxpluiiutioii,  tlic  device  consisting  simply  of  a  hopper 
connected  with  a  simple  S-lrap,  ventilated  in  the  nsnal  way.  Hopjiers 
are  known  varifnisly  iu<  »hiirl  and  liing.  The  long  variety  presents  no 
advantage  over  the  short  and  ia  much  less  eaMly  kejit  in  pri>per  con- 
dition. The  king  liopjw r  hii.'-  iu  trap  beneath  the  floor ;  the  short  hop- 
p«T,  nbove  it.  The  short  hopper  is 
leaa  likely  to  become    foid,  on  ao-  Fio.  Tfl. 

count  of  the  smaller  surface  pre- 
sented and  because  tlie  level  nf  the 
wutvr  in  the  trap  is  nearer  the  sent. 
The  hopper  must  be  provided  with 
a  generous  flush  fnim  a  finishing  rim, 
for  otherwise  it  is  likely  to  become 
foul,  since  from  the  :<ba|H'  of  the 
receiver,  fouliug  of  itB  posterior 
interior  surface  \a  inevitable.  ThiA 
is  more  marked  with  the  long  than 
with  the  short  ho])[«;r.     Unless  the 

flush  \i  a  generous  one,  it  is  nuees-  iioi^wr  sIdmi. 

aary  to  pour  down  an  occasional 
pailful  of  water   and  also  to  apply  the  closet  brush  at  least  ilaily. 

Open  Wash'ont  Closets. — The  njH-n  wasli-out  closet  is  designated 
variously  a.*  frmii  ur  K'lck  nr  nidi-  wiish-out,  according  to  the  direction 
which  the  contents  of  the  bowl  take  towanl  the  trap.  In  Fig.  77  is 
shown  a  front  wa.-ib-uut  in  vurtic-al  s(»:tion.  The  bowl,  provided  with 
a  flushini;  rim  F  fed  by  the  supply  pipe  P,  holds  a  pool  of  water,  into 
which  the  excreta  are  projected.  Tin-  greatest  depth  of  this  volume 
should  not  exoecd  1 J  inches.  In  use,  the  («>iitcnl«  of  the  bowl  aro 
swept  by  the  water  from  the  flushing  rim  into  the  trap  H,  which  ia 
ventilated  at  I'  in  the  iisuul  manner,  and  the  How  is  suihciently  volu- 
minous to  force  the  excreta  down  and  under  the  jiartition. 

If  die  volume  of  wiiter  in  llic  IxiwI  \f  dccpiT  than  alxive  slated,  it  !« 
poesibic  that  the  flush  may  sweep  beneath  any  floating  excreta,  which, 
in  con.^(|iience,  may  \iv  n.-laine(i.  If  nu  |"kj1  at  all  or  only  a  very 
much  shallower  one  be  kept,  the  excreta  may  adhere  to  tlio  basin  with 
snch  tenacity  that  tlicy  are  not  enmily  dii^lodged  by  a  single  fluab.  For 
the  wft»h-ont  clowrt,  it  wut  intended  to  secure  the  combined  advantages 
of  the  hop|>er  and  the  plungt-r  closets,  that  is,  the  advnnlngo  of  a  large 
surface  of  wjitcr  in  the  bowl  in  addition  to  lliat  in  the  Imii,  without 
the  intervention  of  any  mechanical  contrivance.  The  objections  to  tl»e 
wash-out  eloKCt^  are:  (1)  that  the  principal  office  of  tlie  flush  is  tho 


A 


WAT^R-CLOSBTS. 


45l> 


Firt.  79. 


Another  form  of  wash-out  cloaet  has  the  basin  so  oonstrucled  as  to 
form  n  trap.  OloM-ln  of  thU  cliisn  art'  miioh  like  tli«  Iiop{>er,  htit  liold 
&  much  greater  depth  of  water.  Thcj'  nre  knowD  more  commtiuly  ag 
"  wittb-dowii"  rlciset-<.  In  hoth  the  wiuli-out  and  the  wiuth-down 
oloseta,  the  Up  of  the  trau  should  dip  not  less  than  one  and  ont<-hiiIf 
incliM  bcnonth  the  water  level ;  leas  than  that  increaACft  the  ri^k  of  loan 
ofseni  by  evaporation,  and  more  rLS^uircs  a  lar^r  flush  than  is  onli- 
tutrtly  oUlxiiniihlc  to  force  the  exereta,  etc.,  downwanl  and  oijHartl, 

SipboB  Closets, — Another  type  of  waoii-down  closet  ts  known  as  the 
ttjAon  jH.  In  this,  the  contents  of  the  recover  are  drawn  out  by 
aipbon^^,  and  at  the  same  time  are  propelleti  by  a  jet  of  wnler  from 
the  front.  In  Fig.  7H,  one  of  these  closets  is  shown.  Here  the 
chamber  is  divided  into  two  aides  of  n  tnip  by  the  partition  S.  An 
the  flaih  is  brought  into  play,  a  jet  of  water  comes  down  with  some 
force  through  A  and  punhes  the  oontenta  of  B  over  into  the  chiinit>er 
C,  and  as  the  fluith  eontinue4,  the  chamber  C  becomes  the  lon^  leg  of 
a  siphon,  ho  tlml  when  the  flush  ceaie»  to  act,  tin-  Hipimn  oontinuen  to 
Buck  oat  the  contents  of  the  reeeiver  until  the  water  level  is  brought 
down  to  the  ]ioint  S,  when  air  is 
admitted  an<l  the  siphon  becomes 
thereby  broken.  The  after-flush 
raisi-s  the  water  level  again  to  its 
original  point. 

Another  form  of  .tiplion  closet 
which  acts  without  the  ajssistancc  of 
U  jet  it*  known  as  the  Dpcera.  This 
b  a  verj"  simple  and  efTicienl  fixture, 
invented  by  the  late  Col.  George  E. 
Waring,  Jr.  The  rceeiver  in  very 
deep  and  maintains  several  inches  of 
Mai.  The  Hp])iiratuH  is  shown  in 
Fig.  79.  To  assist  in  charging  the 
siphon,    a    wcir^hamber,    situated 

below  the  receiver  iind  just  beneath  tlie  floor,  is  employed.  When  the 
fluj*h  U  set  in  action,  the  water  in  the  basin  overflows  and  falls  into 
the  weir-chnmber  below.  This  has  u  cnnstrietivi  nutlet  wbidi  is  very 
uuiokly  closed  by  the  descending  water,  and  thereby  the  entrance  of  air 
fn>m  the  soil  pipe  side  is  prevented.  A»  the  water  rushes  into  the 
long  leg  of  the  siphon,  it  pushes  the  contained  air  onward,  the  leg  is 
■oon  fillc-d  with  water,  and  the  siphon  is  completed.  When  the  con- 
tents of  the  Irowl  have  Ix-en  sucked  down  to  the  lower  border  of  the 
{Kirtilion,  the  siphon  is  broken  by  the  admis><ion  of  air  at  that  point, 
and  the  howl  is  then  refilled  by  the  aftcr-fliwh. 

Still  another  efficient  form  of  closet  is  the  .Saiiitaa,  shown  in  Fig.  SO. 
In  tliis  ap]uiratui<,  invented  by  Mr.  J.  Pickering  Futnum,  the  flush  ia 
accomplished  by  the  pressure  of  water  in  the  supply  pipe.  This  pipe 
enters  the  bowl  h<'low  the  normal  water  level  and  HUunlr^  permanently 
full  through  its  entire  length  up  to  the  cistern.     The  water  is  held  in 


I1rf4COClOML 


456 


UABtTATlOSS,  SCHOOLS,  ETC. 


%^ 


Tm.  81. 


the  pipe  by  atnioeiiliorio  prossiire.     The  upjier  end  of  tlie  pipe  ie  cluawd 

by  the  cistern  valve,  and  the  lower  end  by  llie  wnlcr  iH'in'aili  llic  water 

level  of  thf  rcwiver.     The  lower  portion  of  the  supply  pipi;  is  pcrfu- 

ratixl    at    two   clifTerenl    polniB, 
Fio,  80.  throuph  the  firel  of  whidt,  vmivr 

in  Hiipplied  to  ttie  flushing  rim, 
and  thronj^h  the  second,  a  yet  U 
set  in  iietion,  as  in  the  ordinary 
hijiIkiii  jet  eluM-t. 

When  the  flush  iaset'in  opem- 
tidii,  the  cinttTn  vnlve  ix  ojH-ned, 
and  the  water  descends  imd 
csoapM*  ihmiigh  (he  two  outleta; 
throuffh  the  tipper,  the  posago 
leading  to  the  flushing  rim  ia 
snuiua oidHt.  Itllixl,  and  thniii};h  llic  lower,  the 

water  in  projected  from  llio  bottom 

of  tho  rcwiver  up  into  the  siphon.     The  action  is  very  qiiiok  and 

practically  without  noise.     When  the  cistern  valve  is  again  eloeied,  the 

water  eeoi^es  to  escajw  thmngh  the  ii|>eniiigi>,  nnd  rhat  in  the  flushing 

rim  and  pafisagce  lending  Iheivto  falls  hack  into  the  bowl  and  restores 

the  iiorinul  level. 
Flushing  Apparatus. — The  object 

of  a  flushing  apparatus  is  the  thorough 

removal  of  nil  ailheriiig  excreta  from 

the  i<i<]es  of  ihe  lixtiire  :ind  its  propul- 
sion tliruuf^h  and  Ix-yond  the  trap.    The 

flushing  rim  is  connected  witli  u  supply 

pt[H'  of  altout    1.2<'i   inches  diameter, 

connected  with  the  cistern.      Through 

this  pip*',  'he  water  is  delivered  with  a 

rush,  and  is  sprcAil  out  by  the  flu^ihinfr 

rim  in  small  jets  against  the  sides  of 

Uie  bowl.   With  ifoine  lorini*  of  ftunihin); 

cisterns,  the  flush  continues  as  long  aa 

the  lever  wliich  njwm  the  valve  is  held 

down  or  until  tlic  cistern  is  completely 

emptied. 

Another   form    of   flushing   eitttern 

ia   known    as    the    siphon    lank,    the 

valve  of  which   ii>  flmwn  in    Fig.  81. 

This  consists   of  a   double   t^ibe,    A 

and    li,  the  inner  tul)e  j\    Ix-iiig  the 

longer,   owl   the   two   tulws    forming 

a  siphon.     The  lower  end  of  the  long  leg  of  the  siphon  A   rests  «n 

a  rubber  ring  at  f\  and  forms  the  valve.     The  xiphon   i*  stnrtitl  in 

operation  by  tiding  the  valve  off  its  seat  by  means  of  u  chain  fitstetied 

to  llie  ring  in  the  cap  E.     The  water  ruah<«  downward  through  Uic  fluftb 
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pi|>e  F,  suckii  (he  air  out  of  A,  aiicl  fHln  the  Bi|dion  witli  water.  The 
viilvc  is  thwi  <lnij)()c<I  buck,  aii<l  lln'  ilisoharge  coiititiiKw  flowing  into 
the  iii{)hon  at  A  ami  downward  through  il.asindifated  by  the  arrow*. 
The  dievhttixc  oonliinuii  until  tlii'  U'vel  of  tlie  water  in  brotiglit  down 
to  the  point  D,  when,  air  beinji  swcked  in,  the  siphon  is  hroken.  With 
tlti!>  npparatun,  the  fliwh  tank  it*  eiii)itieil  every  limn  the  tixtiire  hi  ix^ed, 
aod  the  valve  needs  to  be  o]K-ned  only  long  enough  to  start  the  Hiphoii 
IB  motion,  whieh  ohjeot  i»  accoiupltHhe<l  in  a  few  second^i. 

Still  another  form  of  Husliing  uppanitus  ts  shown  in  Fig.  82.  This 
is  employed  to  funiiflh  a  large  thinh  and  a  »mall  after-tltish,  by  means 
of  which  the  bowl  of  the  liicliirf  may  ri'wivt;  water  aflcr  the  main 
flushing  liaa  been  aeeoiupliahe«!.  The  tank  is  divided  into  two  cham- 
bcn!,  -1  and  if.  The  vulve  1',  workwl  Ijy  ehain  and  lever,  ij4  -1  inches 
iu  diameter.  When  opi>ucd,  it  discharges  water  more  rupidly  than  it 
can  0OW  through  the  pipe  E,  and,  in  eonseqnenei.',  the  siir])liid  RIU  the 

Pto.  82. 


Fluibing  Unl(. 

cliatnlK-r  B.  When  the  valve  is  closed,  the  main  flush  ecaees,  and  a 
smaller  flow  continues  until  the  chiuidier  H  is  eiriplied.  At  the  jtoint 
0,  i«  tin-  overflow  for  the  clmmber  .1  into  li. 

A  flushing  tank  should  eoiUaiii  not  less  than  4  gallons,  and  except 
in  tlie  ease  of  the  Sanitus  closet,  shoidd  Ik-  not  less  than  6  feet  above 
the  closet  bowl. 

Water-closet  Connections. — The  ordinary  method  of  a>nneetjng  a 
nioilern  water-elos'.t  with  the  soil  pipe  branch  is  by  moans  of  what  is 
known  as  a  brass  floor-plate  joint.  The  soil  pipe  branch  is  fastened  by 
meaiiis  of  solder  to  the  hroax  flange,  which  is  scrcwctl  to  the  floor.  The 
closet  flange  is  set  upon  an  intervening  rubber  gasket,  and  the  two  are 
then  scrtfwe<l  or  bolted  together.  The  common  pulty  joint  !fhould  not 
be  used,  for  although  it  may  not  leak  water,  it  is  usually  per\-iou8  to 
air  and  mlors.  In  screwing  up  the  poreebiiii  brnuch,  great  cure  must 
be  taken  to  avoid  breakage.     Some  closets  arc  made  in  two  pieces,  the 
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bowl  beiufr  of  porcelniii,  and  (he  trap  of  iroa  or  otiwr  metal  mill  * ! 
ponf lain  iining.  Witli  ihow,  tho  danger  of  brmkage  is  Kdaeed  tolj 
mininuim. 

UrinalB Tlic  urinni  »  a  fixlurewhkh  should  not  be  tolent»d io 1 1 

private  hoiisc,  since,  with  the  be«t  of  care,  they  ure  almost  inpvilablf 
oSisnsive  and,  with  ordinary  care,  are  sure  to  be  a  decided  nuianct 
They  are  new^ssan-  only  in  large  buildings,  and   thi.TC  they  requWj 
abundant  and  fre({uent  fliiiihing  and  constant  cane.     The  mute  {npelii 
ctimmunly  ci^itcil  on  the  interior  a*  far  la  the  trap  with  a  de^t  Jfr] 
rived  from  the  urine  and  does  not  yield  it  readily  to  flowinj;  witer. 
Tlio  application  of  wa-^hinj;  «(Kla  or  nf  fiolution  of  ordinary  poO^ii 
ineffective,  but  hydrochloric  acid   in   I O-pcr-ccnt.  §trengtli,  followw! 
shortly  by  a  genonnitt  flu!*h  of  waiter,  will  remove  it.     Weak  snlphnml 
acid,  alwul  'J.-J  ])er  04.>nt.,  ts  also  efficient. 

Wash  Basins. — WaiUi  ba.-4in.4  are  made  of  metal,  as  copper,  en 
elled  ami  galvanized   iron,  and   of  eartlicnwarc  and   [wrcelain.     Mo 
commonly,  they  are  of  glazed  earthenware.      In  §hape,  they  arc  rill 
circular  or  ovid.     The  latter  form  it  g<rnerally  preferred,  as  il  aflixdl| 
more  space  for  free  action  of  the  arms  than  a  circular  one  of  the  i 
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Wub  ■■■[a  villi  drarOow  ban  i 
lHtll««Ul  tl9§. 


capacity.  Some  bowl:*  are  made  with 
n  flushing  rim  at  the  top,  tliroujrh 
which  hot  and  of)ld  water  are  intro- 
diiced  together  on  all  sides,  and  thm 
the  entire  surface  of  the  bowl  is  more 

easily  kejit  clean.     In  the  upper  part  of  the  comraoueat  form  of  hainj 
(sec  Fig.  83)  a  number  of  pcrfomtion«('S]commuiiicatc  with  the  < 
flow  horn  {it)  connected  with  the  waste  pipe.     Ordinarily,  th«BroiI 
holes  aro  nnnWe  to  deliver  water  as  rapidly  as  it  enters  tlirougb  «  ^    , 
with   moderate  head,  and  consetiuently  too  much  de(>endencf  slwll»j 
not  be  placed  on  Uicm  in  tlie  prevonlion  of  overtilling  of  thr-  bosio. 
In  some  Iwwls,  the  entire  overflow  horn  is  an  integml  part  of  ihel 
ture,  opening  just  beneath  the  pltig,  an  ia  shown  in  Fig.  84. 
the  horn  does  not  so  extend,  its  junction  witli  the  waste  pipe  is  noto 
frequently  wmngly  made;  sometimes,  it  ia  connected  below  the 
sometimes,  at  tln'  ciriwii  of  the  trap,  into  or  near  the  vent  pipe, 
overflow  horn,  especially  with  long  use  of  the  fixture,  Li  very  likely  I 
become  foul,  on  aeeouni  of  the  soap  and  filth  which  become  depositi 
■long  its  inner  surface.     In  fact,  the  odor  which  is  commonly  a.%rib 
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to  "sewer  gas  "  oomes  &Dm  the  horn  and  from  Uie  waste  pipe  between 
the  bowl  of  the  trap. 

Another  source  of  odor  of  much  less  importance  is  the  chain  at- 
tached to  the  ping.     This  gradually  collects  within  its  links  the  same 
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kind  of  deposit,  which  is  completely  removed  only  with  some  diffi- 
culty and  much  scrubbing  with  a  brush.  On  account  of  the  fouling 
of  the  chain  and  the  inconvenience  of  having  it  in  the  way  of  the 
bands,  some  forms  of  basins  are  equipped  with  a  standpipe,  which  acts 
as  plug  and  overflow  at  the  same  time.     In  Fig.  85  such  an  arrange- 
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ment  is  sliowa;  the  bovrl  prctwntKno  irrof^uliirilint  of  siirfiwe,  not  eren 
tt  plug.  The  standpipe  p,  enclnscd  in  the  pipe  /',  sets  as  a  valve  whra 
it  ■«  dropped  into  pl.nce,  und  the  snrplue  wat«r,  Tvniug  Iwtwecii  P  and 
P,eea!ipeB  through  the  holes  in  the  upper  extremity  of  p.  The  device 
if  lifted  by  It  kiiol)  and  is  kept  ofT  tht-  s<'iit  by  means  of  a  b«youet 
cateh.     In  the  illiulnitiuii,  Uie  plug  is  off  the  scut. 

Tilt!  princijuil  objitctiiiti  U)  this  form  of  wiLste  valve  is  that  the  out- 
let is  situated  at  a  considerable  dtstonoG  from  tW  outlet  of  the  bowl, 
and  the  entire  i<uriii{«  between  these  two  jmint^  is  bound  to  become 
foul.  FurthcrmoiT,  small  bits  of  Hnt  and  hair  aiv  likely  to  be  de- 
posited near  the  aejit  and  cause  it  to  leak  so  rapidly  that  the  bowl 
cannot  hold  water  for  any  length  of  lime.  A  belter  forra  is  showa  io 
Fig.  88.  Here  the  utandpiiw  overflow  has  ite  seat  directly  in  the  out- 
let of  the  bnsin  and  can  be  easily  got  at  and  cle.atied. 

Bathtubs. — Butbtubs  are  made  of  various  materials  in  a  nurol>er  of 
fbrms.     The  linest  gnule  of  tubs  are  made  of  porcelain  or  of  fine 
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evthenware  with  a  heavy  enamel  of  porcelain.  They  nr«  nude  in 
various  :<ha])e$  and  arc  very  commoaly  somewhat  ornately  decorated. 
They  are  very  heavy  and  quite  expensive.      Tlic  phiinest  varictiea 
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have  most  commonly  tlie  sha^ie  idiown  in   Fig.  87.     They  are  usiullj 
set  upon  slabs  of  marble.     Tubs  of  iron  with  a  lining  of  porcelain 
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'  ulso  made  id  this  form.  These  art-  open  to  tlic  objcctioii 
CDamel  is  very  easily  cl)i[))>e(l  off,  Wilhin  recent  years,  & 
of  tub  in  this  shape,  iiindc  of  ordinary  tin  pluti-,  hiu  lx.'eu 
In  spite  of  the  iron  frame  with  which  it  is  surrounded,  it 
flimsily  constTOcUil. 
i  commonest  form  of  bathtuh  used  in  this  country  is  made  of 
I  and  planiKhctl  oupp<>r,  wvigiiiti^  frotii  10  U>  24  onnees  to  th« 
I  foot.  In  Fig.  S8,  this  form  of  tub  is  lihown  in  vertical  section. 
incb  as  tlH^  oiipiKT  tK  u>  nil  intontu  niid  piirjiotios  the  lining  of  a 
lis  nccc».<ary,  fortlieBakeofappejinmcc«,tohuveuu  outetdecusinfi; 
et  work.     The  ordinary  tnh  in  provided  with  a  waste  plug, 
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^od  overflow  i»  shown  in  the  (ifriirv.  The  chain  and  plug  are 
WDDUooDly  supplanted  by  an  ordinary  pipe  of  the  desired  length, 
&U  iolo  the  outlet  of  th(-  tub  and  thu.'*  not.'«  both  as  plug  imd 
b*.  In  some  of  the  tubs  of  more  dabomte  construction,  a  stand- 
nflow  and  watte  pi])e,  shown  in  Fig.  8!),  id  used.  In  thiii,  tJic 
>*  pftsaes  over  ut>d  into  thi.<  pi|ic  B  and  escapes  through  the 
L  when  the  tub  is  to  be  emptied,  the  tube  is  lifted,  and  llnTphy 
iftinttons  at  the  bottom  of  the  inner  tube  A  arc  exposed.  On 
Me,  this  form  is  in  no  way  superior  to  the  ordinary  standing 
but  po»«««so«  oortain  diiuidvaiitof^^  which  do  not  npply  to 
ioe,  which  can  be  completely  removed  from  the  outlet  eacb 
tub  U  «npli(Hl. 
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Other  forma  of  baths,  including  the  dlx-hatli,  foot-bath,  ^liowvi^huli, 
douche  UDI.I  iitT(lU'-batU,  un«i  bidd«  arc  found  ordttmrily  only  in  the 
very  elaborately  lilted  batb-rooioH  of  the  veiy  wealthy.     A*  plambing 
upjiliniic^H   fiun-  niul  isini|ik-,  they  pr«i«-nt  nutUitig  of  iiuy  rgpeoii  bj-  , 
gienic  iDiereiflt,  the  matter  of  wa&te  pipes,  trapping,  etc.,  differing  it  M  i 
e«.H«ntinl  r(«pi«t«  from  what  tiM«  hrva  al  ready  (IcscrrilK-d  in  ormncdioB 
with  other  fixtures.     The  ehuwer-bath,  which   consiats  mainly  of  a 
.lat^  sprinkler   from   which   water  in   delivon^l   tlowiiwanl   ia  Gu 
'  Btnnms,  in  very  coinniouly  set  above  lite  ordinary  bathtub,  vitli  • 
Bcreen  of  wood  or  curtain  of  nibber  cloth  or  otlier  suitable  maiorial  to 
prevent  spluebing  tlie  tloor.     Bmaller  arniiigi-mvntt;,  coaGlstii^  of  kj 
sprinkler  such  oa  b  attached  to  the  noz-de  of  a  watering  pot  and  t| 
rubber  tid>e  tw  w)Miiivt  with  the  faiKVl  of  tW  iKitiittib.  arv  ven.-  ra»-1 
monly  used.     If  desired,  the  rubber  tube  can  be  attached  w  a  mixing 
piptr,  which  ill  its  turn  i«  altach«<l  to  both  cold  aitd  hot  water  &ti«<it 
and  thus  the  temperature  of  the  shower  can  be  regulated. 

Sinks. — Under  ^inks  ixm.  included  [tantry  siitk.-*,  kitchi-n  <iDkR,ud| 
slop  sinks.  These  are  made  of  various  metals,  iuctudinj;  cast  ittayj 
enamelled  iron,  steel,  eop)H>r,  Miapstone,  slate,  earllK-tiware,  and  poTD^I 
lain.  Cast  iron  is  easily  kept  cleim  with  ordinary  care,  but  on  utDUIltl 
of  danger  of  tlie  breaking  of  dUbes  and  other  aniclcii  which  are  wuMl 
or  otherwise  liiindled  in  tlii-ni,  u  grating  of  wooil  is  not  unoonMihi 
laid  on  the  bottom.  This  easily  becomes  foul,  particularly  if  it  i»«l-| 
lowed  111  xtHnd  in  the  wet  sink  when  not  in  Hclirnl  uw.  All  »tich|nt* 
inga  should  be  kept  scrupulously  clean,  and  when  not  actiialiy  i>wW  [ 
in  the  sink,  should  be  hung  up  in  the  air. 

Enamelled  irou  is  much  more  desirable  than  plain  iroD  and  preffiril] 
L^much  better  a ppmranoo.     Unfortunately,  however,  the  enamel  is  i 

ally  cracked  and  detached.  8tecl  sinks  arc  not  as  durable  uorC-j 
nary  cast  iron,  but  they  are  light  and  cheap.  They  are  vay««-| 
monly  enitmelledf  and  then  they  are  necessarily  open  to  the  olijeoltaf 
above  mentioned.  Tinned  and  planished  copj>er  is  much  laed  fi*1 
pantry  sink",  which  an-  enmmoiiiy  m:i<le  with  rounditl.but  lx'Her,«i4| 
perfectly  flat  bottoms.  The  copper  sliould  have  a  weight  of  nol  k*  i 
than  18  to  *i-1  ouTioes  ]H'r  .sijuari!  fool. 

lu  some  quarters,  soapetoue  is  the  favorite  materia)  for  kititei 
sinktt.  Ordinarily,  it  ic*  quite  durable,  particularly  if  it  has  beeni 
jcctdl  111  a  priOiminar)'  oiling,  but  some  spoami-nis  show  a  t« 
to  disintegrate  very  rapidly  and  to  become  80  pitted  as  to  pr 
honey-combed  appearance.  Enrtbcowarc  8ink.4  are  thid;  and 
and  present  no  advantages  over  soapstone.  Porcelain  is  eip 
and,  if  thin,  in  easily  broken.  It  is  not  extensively  used  in  ordinMt  i 
sinks. 

All  sinks  should  be  provided  with  a  not  too  fine  strainer  over  j 
outlet.     Kitchen  and  pantry  miiks  are  bettt  connected  vrith  a 
trap.     The  common  praciicc  of  constructing  cupboards  or  closettl 
neath  sinks  should  be  discouraged,  .'^inee  the^  ^ifKtccs  are  con 
maintained  tut  clutter-hokv  in  which  to  store  unwashed  pots,  kettkifi 
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and  other  nlrnfiiU,  which,  in  imelean  condition,  would  not  be  tolerated 
in  positions  wlit-rv  th<-y  nn-  u[ifii  to  in»poction. 

Honse-mftjds'  sinks,  commonly  known  as  slop  sioki,  arc  gGncnilly 
located  in  rnmll,  durk,  inivi  iitilaUil  (.:)<>isi-t.-<  in  the  u|)]>er  .story.  Thiit 
form  of  fixture  is  made  rather  deo|H>r  ihim  mi  urdinur}'  t^iiik,  and  is 
Bo«i('tini<-«  Uiii[)«d  liku  II  hopper.  They  nre  bc^I  made  with  a  Hutching 
rim  which  will  af«ifit  in  kc(.>ping  the  eutirc  surfucc  cicun  and  free  from 
odiir.  On  nccoutit  of  ihe  iiiitiirf  of  the  refuse  ]»o«red  into  these  rw<^p- 
ta«-l<«,  and  because  of  the  grMl  probability  of  ihc  noeurrciiefof  jijilash- 
iDg  when  vessels  nre  emplieil,  these  Hinka  are  often  extremely  foul,  and 
tbo  cloficdi  in  which  they  are  pluotd  arc  then  ftlnuyi*  nKX^'SMirily  oRcn- 
Mve.     The  greatest  care  is  necessary  to  insure  cleanliness. 

Laiudry  Tubs. — Laundry  tubs  nre  nuKh- of  |irui'tically  the  «ime 
tnalerial?  as  sinks.  The  cheapest  kind  are  made  of  stout  planking 
with  well-fitting  joinlii  drawn  li|;ht  by  iron  btilt.-«.  This  form  ik  not 
very  durable,  since  the  alternate  drying  and  wetting  soon  ruins  the 
joints  and  causes  the  woud  to  <lemy.  Those  made  of  |X)rGeIniii  and 
earthenware  are  very  heavy  and  expensive,  bul  are  very  dnrnbic  and 
easy  to  keep  clean.  The-  soapslone  lub  is  generally  regarded  as  the 
must  satisfactory',  but  must  be  made  of  mnterial  of  the  lie«t  quality, 
since  otherwise  they  are  liable  to  I'liip  and  crack  ofF  from  constant 
contact  with  hot  water.  All  enamelled  tubi"  arc  likely  to  hwe  their 
enamel,  whieh  is  easily  separated  from  the  metal  and  chipped  off. 

House  Service  TaJkH. — With  niont  |i1ninbing  systems,  it  i>  e»KCiitial 
that  in  the  upper  part  of  the  building,  above  the  highest  fixture,  there 
shall  be  a  service  tank  tofivil  the  hut-waler  boiler  and  the  varioun  fluith- 
ia^  cisterns  connected  with  water-closets  and  other  fixtures.  These 
tanks  are  commonly  placed  in  position.-t  where  access  to  them  is  not  easy, 
and,  in  <'onse(tuenec,  they  arc,  as  a  ride,  examined  very  infre(|uenlly. 
No  matter  how  carefully  they  are  covered  and  regardless  of  the  kind 
of  water  that  enters  them  for  storage,  they  aceumnlnle  more  or  less 
doat  and  dirt  and  organic  matter  and  other  sediment.  All  this  adherci 
to  and  accumulates  on  the  Iwltoni,  formis  a  sltiny  efiat  uiH.n  the  sides, 
and  there  remains  until  removed  by  some  external  furce. 

It  is  hardly  necfssary  to  nay  that  thi.4  cntidition  should  not  Ik-  per- 
mitted. The  lank  should  be  periwlically  inspected  and  ihoroughty 
cleaned.  Fortunately,  it  Is  neither  nect^sary  nor  customary  in  ordi- 
nary clwellingn  to  use  water  from  the  service  lank  either  for  drinking 
or  for  cooking,  since  the  cold  water  service  pipes  connerl  direclly  with 
the  utreel  nuiin  and  nn-  tappeil  nl  intervals  with  litueets  and  terminate 
at  the  tank,  where  their  delivery  is  regulated  by  means  of  balUencks. 
Inasmuch  &»  the  water  from  the  tank  i^  mil  wm'A  fordriokiiifr  mid  uiok- 
ing,  expcpting  in  houses  not  connected  with  the  public  supply  but 
served  from  a  tank  fdled  periodicitlly  by  |iijuipirig,  it  makcM  no  very 
great  differenco  from  a  hygienic  standpoint  of  what  material  tlie  tank 
ia  built.  A  very  good  tank  is  made  of  riveted  iron  platen  lined  with 
cement  of  proper  ipiality.  Wooden  tanks  arc  much  used,  and  give 
satisfaction  if  they  nre  kept  full  and  clean. 
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The  tank  wliich,  «n  the  wliol«,  is  mo*l  sntiiiractorv'  U  wnslnicwd  < 
wou(],  with  the  ^(ic6  secured  tu  tlie  ctids  by  loDg  boits,  anil  liaetl  nil 
tiDiK^d  o)>pGror)^»>il  weighL     I^cad  foniiii  a  {toor  lining,  for  it  i(< 
easily  corrodetl  by  waUT.     Galvanized  iron  and  sheet  sine  also  i 
ptxir  lining  material.     In  large  otSce  building  in  which  all  tbcfii^ 
ttinH.  including  thufc-  from  which  wuU;r  for  drinking  is  obtainwt,  in 
supplied  from  a  main  tank  in  the  upper  »lory,  it  is  advisable  thsl  tb 
linin<;  uf  \\w  iiiiik  should  be  of  tiniu^  (topper  nud  under  no  drcuo 
stances  i^houUI  it  l>e  of  load. 

Service  Pipes. — Ttu-  method  nf  ia>4talling  the  watorscrvioeBi 
very  minor  inlirrent  to  the  hygienist  and  n.-(|uires  no  discussion,  < 
nature  of  the  pipes  having  been  considered  in  another  ch^>ter;  I 
thcTxr  is  ono  minor  trouble  raniiectcd  with  thum  which  may  bo  a  > 
of  great  annoyance,  especially  to  persons  of  nervous  or  irritable  na 
Tlii)>lroiii)Ie  is  <n>nimonlv  knijwn  as  Kiitrr  hanutif^r  i\m\  i«  SOtDCthiag  I 
than  an  annoyance,  since  it*  occurrence  has  a  weakening  effect  oe  ( 
entire  pipe  system.     Tliis  is  llio  >|nivering  and  rattling  that  oertir  fn 
end  to  end  when  the  current  of  water  within  them  is  suddenly  oh 
by  the  quick  closure  of  a  cock  or  valve.     In  order  to  jireveni  tlu9,i 
is  necessary  to  rnako  some  provision  fur  a  eiiithiou,  piirtictilarly  wb 
the  water  pressure  is  very  great.     This  not  infrequently  runs  as  I 
as  u  Inindnil  putiniJ*  to  the  square  inch  and  even  higher.     Tocu 
tJie  blow,  an  air  chamber,  oommonly  made  by  turning  the  pij>e  up*in 
for  a  fool,  or  two  above  the  cock,  i:i  used.     This  extension  will  I'ma 
the  outset  contain  a  volume  of  air,  which,  on  being  compressed  by  i 
force  of  the  water,  makes  au  elastic  cushion. 

Sometimes,  however,  the  air  originally  contained  becomes  gradn 
absorbed  and  taken  out  by  the  ^vater  which  is  driven  into  the  chant 
and  ttius  it  becomes  rciihicoil  by  wiiter  and  the  cushion  is  destroyed, 
such  an  event,  it  is  well  to  shut  off  the  water  and  empty  the  pipes) 
that  air  may  again  fdl  the  cImmlxT.     Another  form  of  oir  rfiMu" 
recommended  is  m»de  br  extending  the  pi{>o  with  a  piece  of 
dianictiT,  eovi-rcd  al  the  loji  with  a.  tightly  fitting  »orew  cap^     Witb 
this  extension,  may  bo  placed  two  or  more  rubber  balls,  upon  which  I 
force  of  the  blow  of  the  wator  hammer  may  l>e  expended. 

Water  liammor  of  a  most  annoying  and  persistent  kind  a  oftco  i 
caaioned  by  the  too  easy  movement  of  a  light  Iwill-cock  controlling; 
Ciirri'iiL  of  bigli  pri.'ssurc  in  n  sniall  tank.      For  example,  the  wutet  lo] 
the  tank  bocomca  lowered  through  the  use  of  some  fixture  btlnw,  ibej 
hall,  floating  on  the  surtitre,  0]wns  the  valve  of  the  eocJc,  nnd  H-aitri 
admitted  to  take  the  place  of  that  which  has  been  drawn  o'S. 
vrater,  entering  with  much  force,  sets  ihe  whole  contents  in  tao 
The  ball  is  tiirown  up  aud  shut«  off  the  water  with  great  siniitcnf 
and  lulls  again  ;  another  jet  of  water  is  thrown  in,  and  thus,  witb  alu 
nalc  <]uick  Jets  and  mnvcmeut  of  the  ball,  the  hammering  contiM 
until  finally  the  level  of  the  water  haa  been  restored  to  its  orij' 
point. 
Testing  Plumbing. — ^Tigbtaess  of  joints  throughout  &  syvtcm  •( 
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plumbiD^  nuk^  b«  delormiiiMl  in  several  wav«.  For  testin;^  the  joints 
of  Mill  [>i|i<;n  iiiul  tii:iin  dniiuH,  n  inu^t  iiti|K>rtaiit  and  i>4^3roliiiig  t»)t  ia 
tliut  known  as  tlic  water-|in'Ksurt!  trat.  This  U  ;ip|i[R-<l  hi-fon:  nny 
fixtuna  huve  liet^ti  joinM  tu  tho  wonti!.-*  iind  soil  pi[>e-  All  outlets  are 
closed  witli  appri)priat«  plugs,  madu  for  thu  purixisc  and  kept  in  place 
by  aieKiLH  of  bolts  ind  tht-n  the  entire  pijw  with  its  brauobes  is  filled 
with  whUt,  Hhuiild  ihiTL-  be  iiiiv  braks  in  nny  piirt  of  tin.-  syittein,  tJie 
iact  will  be  made  niiiDifeal  by  the  sinking  of  the  water,  and  the  points 
of  escape  ran  be  i-iwily  found  oti  insp^^'ctiuu. 

The  other  methods  applicable  to  ibe  entire  system  include  the  smoke 
testt  and  ]M;pi>cn»iiit  ivA.  In  tb<-  >iniokc  test,  the  system  is  filled  witJi 
smoke  by  mcunsof  a  device  known  as  an  o^pliyxiator.  If  k-ake  exist, 
Uw  &ct  will  Im  mitdf  evident  in  twn  ways :  first,  to  the  senite  of  smell ; 
second,  to  tile  sense  of  sight.  Besides  the  Ksphyxitttor,  a  number  of 
Other  devices,  inoUiding  the  amoke  rocket,  have  been  invented.  The 
common  mvthod  of  t^'stiiig  pinmbing  in  \h'\ii  <^>iintry  is  known  as  tho 
peppermint  teat.  For  this  test,  the  pretwnce  of  two  giersons  ia  neoe»- 
mxy  ;  one  to  apply  the  pqi]>ermint,  mid  the  other  tu  dctj-ct  it.-*  pnvence 
in  tbe  air  of  the  buitding.  About  two  ounces  of  oil  of  peppermint  are 
uM-d  for  each  xtaek  of  »oil  pi]>es.  This  very  pungent  oil  mu»t  be  car- 
ritnl  through  tho  liouw  in  very  tightly  corked  vials  tn  order  that  no 
odor  sltall  be  given  off  in  transit. 

The  vent  openings  are  first  closed  with  plugH,  and  the  oil  of  jK'ppcr- 
mint  19  then  poured  into  the  soil  pipe  and  followed  by  a  i|iiart  or  two 
of  hot  irab.T  to  ci»»ist  its  volatiliiuition.  The  oiitb-t  \i  then  secnruly 
dosed.  On  account  of  ihe  clinging  rjualityof  the  odor,  the  jierson  who 
empties  the  pepiHTiniiit  iniwi  nrmuin  on  the  rtxif,  with  the  sriiltle  closed, 
until  thorougli  inspection  of  the  prcnii^-s  lias  been  made.  The  very 
pungent  volatile  oil  |>ermeates  all  parl»  of  the  soil  pipe  and  its  conneo- 
tions,  and  in  case  of  defective  seal  or  any  other  imperfection  in  the 
system,  it  escapes  and  niakea  its  presence  known  in  the  rooms  through 
ilit  cfliFct  on  the  M^nsc  of  smell.  Diiring  the  exnininHtion,  it  is  im{)or- 
tant  that  no  water-closet  be  pulled  and  thut  no  bowl,  bath,  or  sink  be 
usi-d,  sinC4!  thereby  the  whole  of  the  jx'ppermint  might  be  driven  out 
of  the  system  into  the  sewer. 
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DISPOSAL  OF  SEWAGE. 

The  compoeiliou  of  scwigc  vari«-9  awortJinf;  to  tJ>e  eharwlerofl 
cnnnnunitv  bv  which    it  in   produced.     To  the  lay  niiiii)   tlHr  worai 
convoys  t)ie  idi.-n  of  a  mixturv  of  uriti(>  and  (teceti,  paper  and  tnr 
matches,  with  wsete  from  baths,  wasb-slands,  lutindri(«.  nui)  kitche 
tlakg ;  tliis  i»  nnlinary  doinc«iio  Hi:;wag«,  and  may  be  taken  afl  the  1*| 
of  sewaj^  of  districts  that  arc  purely  rvsidciitiui.     But  tb<-  iwo-age* 
a  large  mmmimity  in  wbieh  all  manner  of  manufacturing  is  car 
OD  is  nccosBarily  of  a  most  complex  characU-r,  containing,  a*  it  does,i|( 
Addition  lo  doracstio  waste,  that  whicli  is  inBeparably  conneclid 
the  various  indiiBtriftt.     Moreover,  it  is  ever  changing  with  inc 
and  diminution  and  changes  of  all  kinds  in  mnnufacturinf;  acliviiy. 

Ritiibiishnii-nts  likt-  papi-r  mills,  tanneries,  dye-houses  and  wo 
mills  pro<Itice  enormous  amoimt«  of  Hcn-agc.     In  fiict,  »  single  ooei 
quite  capable  of  producing  an  much  as  that  of  a  fairly  lar^  town,  \ 
such   manulkcturing  scwagi-  often  oootains   much  mon:  or^oie 
other  matters  than  domestic  sewage,  which,  in  purely  r^idi-ntiil 
lrjct»,  is  of  fairly   constant  comiwsilion,  and  where  the  water  m 
ply  is  abundant,  contains  but  a  small  fraction  of  1  per  cent,  of  oifiuil 
matter.     But  it !»  in  this  very  wnall  pertwutage  that  the  oapMi^'  f 
producing  mischief  resides,  for  the  most  important  constituent* of  f 
age  ar*^  iIiiijh-  which  in  any  way  may  be  the  cause,  direct  or  indirrrl,^ 
injurious  cifccts  on  liealtli — that  is,  organic  niiitlore  connecttil  with  in 
fective  diseases  and  hence  mostly  to  be  found  in  ordinary  don 
wastes.      Inilustrtul  scwngc  is  of  setH'ndiiry,  liiit,  ncv^rtlicli-*:*,  in 
ways,  of  great  imjwrlance,  for  its  nature  may  be  Mich  as  to  mnke  i 
arate  Inmtment  m-cessarv,  l>ecnusp  of  its  artion  on  the  life  of  64  d 
rivers  and  of  the  organisms  which  bring  Jibout  purification  hy  nw 
to  be  described.     It  may  contain  all  manner  of  chemicals,  dycsti 
and  other  matters,  and  be  rcpngniint  to  isiplit  and  smell. 

The  importance  of  removal  and  dis|)osal  of  filth  needs  no«iiicia 
tim.     Ueniovnl   must  he  sjieedy  and  filial  disposal  so  thorough  ■ 
remove  completely  the  possibility  of  injuriously  affecting  hcallb. 
ahould  not  be  stored  on  the  jiremises  in  cesspools,  as  is  so  comi 
tlie   practiw  l>oth  in  smiill   and  in  many  large  and  densely  popul: 
places,  whether  these  be  of  the  leaching  sort  which  drain   th-'ir 
tents  constantly  into  the   riubsoil,  or  the  far  ]vfx   objcctionahlt,  I 
nevertheless,  objecttonnbic  tight  pits  with  cemented  sides  and  botio 
in  which  the  contents  are  always  in  a  condition  of  putrefaction. 
use  of  this  Gort  necessitates  more  or  leas  frequent  emptying,  whW 
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iinlest)  Hoiie  by  the  "odorleiw  excii\iiti(ni  "  suction  R)iptirnt)i«  (and 
eometiincs  even  then),  ^vnt  rise  tn  intulcralilp  steuch,  not  i?oi)fined  to 
till'  immediate  neiglihorliood,  but  disMmiiialfd  nvi-r  a  wiilt'  iiri.'a. 

As  will  be  Intn*  shuwn,  fresb  seuiigu  ma)'  be  dtspotaH]  pf  so  as  to 
low  ita  character  completely,  without  undergoing  the  prooesnefi  which 
we  de)ii;rnatc  oollcctively  as  putrefaction.  Its  orjriinic  coiiatitncntH  ure 
iteixed  ujion  by  niicro-oi^nisma  which  work  in  (he  prewnce  of  air, 
nnd  they  are  cmivcrted  to  inoffensive  liiirmlcji»  pro(liicti>  which  poitsess 
the  additional  property  of  being  iuvnUmble  plant  Ibode,  such,  for  in- 
stnncc,  OS  the  nitratctt  of  potiLssium  and  ttodiiim.  But  wlicit  tilth  is 
conserved  in  pite  so  that  only  its  upper  surface  is  exposed  to  the  oxy- 
gen of  the  air,  iu  dwomposiiion  ii*  efTwled  by  a  variety  nf  orgiiui.'^nis 
of  a  different  class,  wliieh  work  without  nir  and  produce  entirely  dif- 
ferent eliemictil  eompoundi>,  including  oulphnretted  hydrogen  and  other 
noisome  bodies.  Although  sewage  which  has  undergone  putrefactive 
change-i  can  yet  be  tutXeA  upon  by  the  beneticent  nitrifying  organi.tms, 
it  is  best  to  got  rill  lyf  it  l)efur<T  »ucli  changes  hcconie  advanced. 

Before  pi-oceeding  to  the  conwdemtion  of  the  various  methoda  of 
disposal  of  excreta  nnd  otiior  wastes,  it  may  be  well  to  look  into  the 
matter  from  an  economic  standpoint.  It  is  very  commonly  the  case 
that  the  quci>tion  of  metlnide'  to  be  adopted  it*  largely  influenced  by 
tiie  hope  of  i^in,  for  it  is  axiomatic  in  the  minds  of  many  that  muni- 
eipid  iiewage  ix  pottse.i^ted  of  such  immense  mnnurial  value  tlint  iIh  di.t- 
posal  without  pri'vious  treatment  for  the  purpui^e  of  reclaiming  it« 
valuable  constituents  is  sinful  waatefulneaa.  This  idea  ha»  doubtlesa 
never  boon  taon-  forcibly  expressed  than  by  Victor  Hugo  iu  the  fol- 
lowing paaeage  : ' 

"  Paris  cantH  twenty-five  millions  of  f nines  annnidiv  into  the  sea: 
and  we  assert  this  without  any  meta])I]or,  How  so,  and  iji  what  way  t 
By  day  and  night.  For  what  object?  For  no  object.  With  wliat 
thought?  Without  thinking.  With  what  object?  None.  Bymeans 
of  "hilt  organ.sV  Its  intestines.  What  are  it**  inteHtines?  Itsitewers. 
Twenty-five  millions  are  llie  niort  nio<lenitc  of  (he  apjiruximativc 
amounts  given  by  the  estimates  of  modern  science,  .Science,  after  grop- 
ing for  a  long  time,  knowi<  now  that  tlu;  must  fertilising  iind  effective 
of  manures  is  human  manure.  The  Chinese,  let  us  say  it  to  our  shame, 
knew  this  Ix'fon-  we  did  ;  not  a  Chinew*  jtea.^nt — it  is  Keki-berg  who 
Blates  the  fact — who  gotrs  to  the  city  but  brings  at  either  end  of  tiis 
bnmboo  a  bucket  full  of  what  we  call  filih.  Th-inks  to  the  human 
manure,  the  soil  in  China  is  still  its  youlhful  as  in  the  days  uf  Abraham, 
an<l  Chinese  wheat  yields  just  one  hundreil  and  twenty  fold  the  sowing. 
There  is  no  gu.imi  comptmiide  in  fertility  In  the  detritus  of  a  cjipitul, 
and  a  lai^e  city  is  the  strongest  of  stcrcoraries.  To  employ  the  town 
in  manuring  the  plain  W(Hihl  be  eertiun  ouoovits;  for  if  gold  hu  duug, 
on  the  other  hand  our  dung  is  gold. 

"  What  is  doiii-  with  this  g<ilden  dung?  It  is  swept  into  the  gnlf. 
We  send  at  a  great  expense  fleets  of  ships  to  oollcct  at  the  southern 
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pole  the  guiino  or  petn'l.i  ami  peng^iiiiiH,  and  cnj^t  into  tltc  lecn  (bo  incsl- 
oulable  elonifnt  of  wt-ullli  wliioli  we  Iwve  iinJiT  our  hand.  All  tbe 
hiimnn  and  aniinal  mimure  which  the  world  \(mi»,  if  rc-tiiriit\l  to  Innd 
inatea<l  of  bi'ing  tlirown  inlo  the  »ai,  would  ttiifBcc  to  iiourir-li  the  world. 
1^0  you  know  what  those  piles  of  ordure  are,  collected  at  the  t^omerB 
of  fltrcfte,  tiioBc  cart»  uf  iniid  carried  off' at  nifjlit  frwa  lite  streets,  the 
friglilful  harrels  of  tbe  night-man,  and  tlio  fetid  streams  of  Ku))lcrra- 
nean  mud  whicih  the  ]iav«tneiit  iH>n<?>.^dH  fiv>iti  you  ?  All  thi«  is  s  flow- 
ering: dM,  it  ia  green  grass,  It  is  mint  and  thyme  and  sage,  it  is  game, 
it  is  cnttk-,  il  i.i  the  wvtlitlitHJ  lowing  of  heavy  kiiie  at  niglit,  it  is  per- 
fumed hay,  it  is  gilded  wheat,  il  is  bread  on  your  (able,  it  h  wartD 
bloixl  in  your  veinx,  it  if  health,  it  i»  joy,  it  is  life. 

"  So  desires  thiit  mysterious  creation,  whieh  is  transformation  of  earth 
and  trail  Align  ration  in  heaven ;  restore  tliis  to  the  great  cnioihlc, 
and  your  abiindantx'  will  Lhmu*  fiinn  it,  for  the  nutrition  of  the  plains 
produces  the  nourishment  of  men.  You  are  at  lilierly  to  lose  thU 
wealth  and  otniNidor  me  ridiculous  into  the  bargniii :  it  would  be  tk« 
masterpiece  of  your  ignorance.  Statistics  havo  calculated  that  France 
alone  |)Our)4  every  year  into  the  Atlantic,  a  oum  of  half  a  millianl. 
Note  this ;  with  these  five  hundroti  millions,  one  quarter  of  tlie  expeases 
of  the  l>udget  would  he  paid," 

Concerning  the  fertili/.ing  value  of  human  excreta,  there  can  be  im 
doubt;  but  when  these  are  diluted  to  such  an  extent  that  iheir  orgntiic 
constituents  amount  to  U.vs  than  a  thouKiindi  [>art  of  the  whole,  it  natur- 
ally follows  that  to  reclaim  them  in  ciincenirated  form  involve*  an 
expense  which  may  Iw  far  in  exoesa  of  their  value.  A  Kubstnnoo 
which,  in  hand,  is  of  intrinsic  value,  may  be  so  situated  that  ita  aexjui- 
sili'in  l>y  ordinary  known  means  cannot  be  Juittiticd  because  of  tbe 
attendant  pecuniary  risk,  and  thou,  and  until  other  better  means  are 
devised,  it  i.-*  practically  worthless.  Kor  example,  many  districts 
abound  in  nnrks  containing  nilver,  gold,  and  other  metals,  but  in  such 
gmidl  nniounls  that  ihoy  cannot  lie  worked  with  profit ;  thenfore, 
BO  far  as  inenyising  miitcnal  wealth  i*  connemed,  these  ores  might  as 
well  he  at  ihi-  bottom  of  the  eca.  But  in  the  esse  of  sewage,  the  diRl- 
Oilty  i#i  still  further  increased  by  the  fact,  that  the  mnnnriiil  product  is 
not  nsidile  on  the  s|Hit^  but  must  undergo  tnins porta t ion,  which  ia  coatl^ 
in  pn>|)ortion  to  the  distance. 

A  fair  wtimate  of  the  value  of  the  mnniirinl  matters  contained  in  a 
ton  of  crude  sewage  of  avciiige  composition  places  it  at  sitmewhat  Uwa 
tlian  four  cents,  an  amount  ho  small  us  to  app<-ar  worec  (ban  ridiculous 
wlten  we  consider  that  it  is  diluted  by  a  x'olume  of  water  etjual  to  about 
nix  biirreU.  The  value  of  the  sewage  of  cities  with  a  very  abundant 
water  t^upply  is  even  leiw  than  this.  Thus,  that  of  Boston  has  been 
eslimikil  by  the  Massaehusettn  State  Board  of  Health  to  be  alnut  one 
oeht  |ier  ion,  and  that  of  New  York  is  said  to  be  even  smaller.  Ts 
separate  this  small  amount,  the  employmint  of  some  chemical  in  neoe^ 
sary.  The  rexuliing  eom|H)und,  known  ns  sludge,  has  u  certain  value 
in  agricuUuruI  operations,  but  that  that  value  ia  not  such  as  to  warrant 
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tli«  cost  of  luindliDg  ond  trnn^porlntion,  is  most  evident  when  it  is  slated 
that  as  a  rule  it  finds  no  aiarkel  at  any  price.  In  LoDdoit,  for  in- 
emnoe,  thoiwnmi^s  i>l'  tons  of  wet  sindjjc  arc-  proiJwwd  every  day,  over 
2,<XIO,ij00  yearly,  and  anybody  who  wants  it  can  have  it  free  of 
olurge ;  but  nobody  earcyt  enough  for  it  to  tra»s])ort  it,  and  hence  it 
to  l)e  carried  far  out  to  sea  to  Barrow  Deep,  fifty  miles  away, 
id  dumped. 
In  considering  sewage  disposal,  it  must  be  borne  in  mind,  therefore, 
that  it  \n  a  positive  public  neee^sity  as  much  a^  jiolicc  and  tire  [minil, 
Ibat  it  costs  money,  and  that  it  oinnot  be  n  source  of  income  over  ex- 
penditure. No  community  expects  a  pecuniary  return  on  an  inve^it- 
roenl  for  :>teHni  fire-enginef  and  howe  rarriiigo?,  or  for  revolvers  and 
police  stjitions  :  such  are  needed  for  the  protection  of  life  and  projierty. 
Sfc),  loo,  a  9y.tt«m  »>f  sewenige  iiiwl  sown^c  dii<[Hi»ul  is  necessiiry  for  the 
protection  of  benlth  and  is  not  to  be  treated  as  though  primarily  in- 
tended OA  a  wiuroe  of  public  revetuii-,  though,  of  course,  any  return 
which  may  be  puJisible,  cillur  from  sale  of  sludge  or  cruile  sewage,  may 
be  regarded  as  a  welcome  diminution  in  llie  cost  of  niaintciiauce. 
Tl>e  nietliods  of  dispunal  of  excreta  and  sewage  include, 

1.  Didharge  into  the  sea  or  other  bodies  of  water. 

2.  The  "dry  nu-thod,"  or  puil  system. 

3.  Chemicul  treatment. 

A.  Irrigation,  or  "i*«w«gc  farming." 

5.  Filtration. 

6.  Other  bioit^inil  systMns. 

1.  Discharge  into  the  Sea. — In  communities  on  and  near  the  coast, 
it  is  a  comparatively  easy  matter  to  get  rid  of  sewage  liy  diHcliiirging 
it  into  llie  nwan  and  having  it  airried  awiiy  by  the  outgoing  tide.  If 
it  be  discharged  in  a  fresh  condition,  it  Incomes  so  enormously  diluted 
iu  II  very  whort  time  that  only  under  exceptional  cin'umstunces  can  it 
ever  be  a  nuisance  in  any  way.  This,  of  course,  presupposes  a  reason- 
able rise  and  fidi  of  the  tide  and  does  Tiot  contemplalc  such  slight  dif- 
ferences as  ■  foot  or  so.  With  slow  movement,  less  than  one  and  a- 
hatf  milffl  per  hour,  depnttits  arc  more  tlian  likely  to  be  formed,  anil 
nuisance  thus  caused  must  of  necessity  increase  with  time,  and  esjie- 
cnally  with  iucre.iHc  of  sewage  due  to  growing  popnlittion.  Thus  it 
happen?  that  even  on  the  swdwanl  It  may  U-  neeesstiry  to  purity  sew- 
age before  discharging  it,  and  the  problem  of  suero^tiil  and  t'coiiom- 
ical  puriliciition  may  be  one  of  the  most  diflietdt  and  im)>ortant  in  the 
whole  range  of  sanitary  science. 

In  inland  comniiinit ies  sitiicitcd  on  rivont  of  eoiisideralile  siw,  ilclivery 
at  a  point  l^elow  the  oulskirtft  is  the  easiest  method  of  sewage  disposal  ; 
but  other  commnnilios  farther  down  may  prnpirly  olijirt  on  moiv  than 
one  ground  to  such  action,  for  the  sewage  itself  may  be  a  nuisance,  and 
the  river  may  be  the  source  of  the  public  water  supply.  Here,  ai^in, 
and  where  the  flow  is  sluggish  and  ibe  volume  small,  treatment  before 
discharge  is  necessary.  \\'here  the  water  into  which  the  sewugc  is  d*-- 
livvred  'a  to  bt^  u«cd  below  for  the  public  drinking  supply,  the  process 
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of  purificniion  must  be  snch  as  to  give  tlic  moHt  perfect  results  poesUt;  I 
that  la,  must  give  ao  eHliiejit  wtikh  will  oot  aHent  the  quality  of  ibaj 
wat«r  injiirimii^ly. 

Id  both  rivoraand  harbors,  in  order  to  prevent  nuisance  from  < 
treated  wwag^-,  the  current  munt  Ix-  miffioi^ntly  voluminow  ami  it\ 
to  alfond  lur^  diiuttoti  and  prevent  deposition. 

2.  The  Pail  System. — Thi.s  i»  Hmitod  in  if*  nppli&ition  Iti  tbei 
powtl  of  cxprvtii  in  pails  containing  dry  earth,  j)cat  powder,  or( 
material,  and  nlthoiigli  it  'm  in  opttralion  in  .-x-veral  places  of  confflde 
able  iMze  in  England  and  on  the  Continent,  it  is  better  adaptrti  to) 
needs  of  isolated  houB&t  and  i^ninll  village!*.  It  was  the  natunl 
growth  of  the  very  extfusivc  adoption  of  tlw  Mirth  closet,  a  ilevio 
inveute<d  by  the  Rev.  Henry  Moule,  in  which  the  M>lid  eserett  tn  i 
oeivcd  in  a  reci;pt«clu  of  suitable  si«'  and  covered  sifter  each  iidditia 
with  dry  earth,  peat  powder,  or  anhes.  As  often  as  neoeasary,  the  p«lj 
are  oolleoted  and  emptied,  and  their  contents  removed  to  a  ili^taito 
treated  or  not  with  cliemic.-ils  aceonliitg  to  circumstances,  and  burie 
or  U-ted  a^  nmnnro.  From  the  liicl  that  tlie  oi^llii^iion  i»  made  at  i 
arose  the  common  terni  niyht-mii/,  and  Inter,  trom  this  one,  anoci 
to  detii^ate  an  important  [>art  of  hou^e  pUimlnnfr,  the  soil  pijte. 

It  ix  a  primitive  sort  of  system,  but  it  hits  points  tii  its  favor  as  < 
as  again^.     It  ia  not  expen^ve,  there  is  no  pollution  of  sUvams, : 
the  luiiiuiriiil  value  of  fwces  is  ntit  wiistcd.     ISiit  it  requires  tlie  wjIIw] 
tion,  drying,  and  storago  of  a  large  amount  of  earth,  or  other  luatrris 
not  always  ea*y  to  obtain  ;  the  eniptying  of  the  pails  must 
be  aceompnnied  by  the  escape  of  more  or  less  odor ;    it  may  podihlf 
^vo  riKit  to  a  nni.Hano}  at  or  ne^r  the  place  of  final  dis]w«nl ;  audi 
ditionid  provision  must  be  made  for  the  removal  of  liquid  rcfnsK 

Thi-  materials  u.sed  in  the  paits  are  cbieiiy  dry    c^rth   and 
both  of  which  siibstunoes  are  verv  absorbent.     The  earth  is  ordiniiil]( 
cither  simply  dried  or  tlioroughiy  baked,  but  drying  is  preferatis  i 
bakini;  li('ciiu?«e  the  influence  of  the  saprophytic  Ixictcria  of  tlie 
in  not.  destroyed.      The  late  Colonel  Waring  demonstrated  meet  ■ 
viacingly  the   very  gnait  power  of  air-dried  soil  to  dispose  of 
organic  constituent*  of  fiecal  matter  so  nearly  completely  that  boti 
insigniReant  amount  remains.      He  kept  two  Ions  of  t\ty  earth  Girl 
Ipng  time,  iisin;;  it  repeatedly  in  earth  closets  and  storing  it  aAeri 
period  of  use  in  a  dry  well -ventilated  ii'llnr.     It  was  e-^timated  thatl 
the  time  it  hud  been  used  ton  times,  no  less  than  200  pounds  ofniti 
gen  had  been  added  to  it,  but  analysis  .showed  that  btit  8  jioanib  i 
maiiied,  the  balance  having  Ix'cn  restored  in  gaseous  form  to  thel 
mosphere.      The  same  fict  has  been  observed  by  I*rt>fe*«or  VolV 
who  found  tlul  eiirl.h  niter  heitig  dried  iind  used  thn>e  times  conti 
practically  no  more  nitrogen  than  it  did  originally. 

Peat  has  not  only  remarkable  power  of  absorption,  but  also 
marked  bactericidal  projierties.     It  will  absorb  and  retain  from 
[*<^  oghleen   times  its  weight  of  water,   it  acts  an   n   dcodotaut 
lanncr  as  charcoal,  and  it  retains  ammonia  ia  ap[i 
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on«hangt.'d  coiitlilion.  The  resulting  niuniire  is  found  to  decompose 
rapidly  and  to  he  c«pucia]ly  suitt-d  to  tiandy  and  li);lit  luuniy  soil. 
Ex^K^riioent  ba.'i  iitiown  that  ueither  the.  typlioid  nor  rliolera  organiBins 
cun  rctuin  tlicir  vitality  in  vontnot  uilli  [hmI  luiigpr  tliun  n  wry  Tvw 
hoiirti,  nnd  the  same  is  true  of  many  other  varietieji  of  bacteria. 

SiiwduKl  ulso  i«  rcoo  in  mended  for  use  in  earth  closets  iind  lis  nn  ub- 
•orbent   for  urinaU  where  there  is  no  water  supply.     Experiments 

Icoodtietci)  by   Dr.  O,  V.  Poore '  with   vnrioiis   in«l«rial'"  proved  it> 

rvalue  for  the  Utter  purpose  and  yielded  interesting  results,  A  Hannol 
bag,  two  and  n-lialf  feet  long  and  a  foot  broiiil  ut  iho  Ijottom,  oontain- 
ing  six  pounds  uf  dry  sawilust,  received  in  the  course  of  two  monltiH 
thirtynine  pmindd  of  urine ;  aftor  alKnit  a  vejir,  forty-five  pounds  more 
were  add«]  diirtn;;  a  period  of  thrL-c>  months.  Xutwitliotunding  that 
the  bag  had  heoome  so  rotten  an  hardly  to  hold  together,  the  contents 
were  uot  in  tltc  leiwt  offensive  and  hud  never  givtu  off  any  offetwive 
odor.  Of  tJie  eighty-four  jwtinds  of  urine  added,  only  six  pounds 
bod  fdlt-red  ihnjiigli,  while  the  ri-at  hnd  cva|)oratx!<l  or  In^^n  retained. 
The  filtrate  was  dark  brown  in  oolur,  thick,  and  of  high  sijccifio 
gravity,  but  nvver  oflViinive  ;  nor  had  it  shuwti,  tifter  lying  at>out  for 
moolhs,  any  tendency  to  putrely  or  become  offensive.  Filtration 
through  t-jirth,  old  ntiieco,  and  peal  nntAt)  gave  identiuil  results.     With 

■  fresh  e;irth,  frei^li  stucco,  and  friish  ashes,  the  filtrate  was  almost  color- 
less an<]  odorle-is  but  the  power  of  ashes  to  give  this  result  is  sbort- 
livvil. 

The  pail  system,  whatever  may  be  itaid  in  its  favor,  has  had  its  day 
in  largf!  cumaiunitii.-*,  and  where  it  sltU  obtaino,  is  being  gradually 
superseded  by  systems  more  suitable  and  satisfactory. 

A.  Chemical  Treatment. — S.-wngi-  dinpu^iil  by  ehemieal  treatment 
bos  for  it-  object  the  supuration  of  the  siupended  maltera  and  tlii.*  prc- 
oipitatJoR  and  eonseqiieiit  reparation  of  the  putrescible  matters  in 
solution.  The  hrger  ma.sscjt  of  tho  suspended  suhittanwi*  may,  of 
course,  be  removed  by  bi-ing  entanjrleil  in  the  coagnluni  produced  from 
tile  soluble  mattcn  by  tin;  .'iiUlition  of  chcniioiil  [(recipilanf.  The 
effluent  must  be  clear  and  should  contain  a  minimum  of  organic  matter 
cobble  of  unileivjiiing  puln-faetion.  Wliatevcr  the  precipitant  u.'«ed, 
the  proce^  rerjuircs  couHtiint  and  careful  iiupervision  tn  order  to  achieve 
lliu  htnt  rii-iulLt  and  In  kei-p  thi;  expenditure  down  to  a^  low  a  fi}(nre 
is  consistent  with  efficiency.     Tiie  screened  scwag«,  deprivwl  of  it« 

'ooarAer  mattori,  is  treated  and  tlioroughly  mixed  with  the  chemicals  in 
large  tanks,  and  is  then  passed  Into  other  tanks  where  the  prccipitiite 
is  allowed  to  separate  by  fubHideiicc.  The  sludge  is  removed  and 
tlien  di»posed  of  in  its  natural   slate  or  after  tivatincnt  in  hydraulic 

Lipreases  for  the  removal  of  the  water.  The  sewage  must  be  treated  in 
a^  frcnh  condition  as  possible  ami  before  putrefuctive  pi-oecfiseH  have 
beguu,  since  when  the  latter  have  got  well  und?r  way,  the  rvsulte  are 
never  satiiifiuitory. 

Tlie  tuibstunces  most  used  as  prccipitants  arc  alum,  lime,  and  ferrous 
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■ulpliatef  bat  whtcJi  of  these  aod  otbere  is  the  l>c«t  euitctl  (br  thewotk, 
is  a  qi)nti»n  condemiag  wliidi  there  ia  no  general  agreejueol.    Alnm 
and  other  solublv  i>altx  of  iihiminuin  have  mntlcnite  dUinfrdsnt  pt»p- 
erlies,  iin>   not  p-tUonoua  in  the  general  sensM?  of  the  worJ,  and  wkta 
used  in  vxcctw  ini{>»rt  no  color  U\  tliceffltieut.     In  the  preei-nce of  lime 
or  aninionia,  they  vield  a  verr  bulky  gelatinou§  precipitate  wlachai-j 
tan^hat  the  >iuii|K!ndeil  mutters  and  hacterin  pn-!K<nt  uitd  carria  tbcmJ 
down,  leaving  a  clear  fiupernatant  liquid,  which  is  without  colororodir] 
and  practically  filerile. 

With  excess  of  alnin,  the  effluent  is  add  in  reaction  ami  thai  | 
capable  of  injuring  aquatic  life,  but  it  doe:*  not  fnrra  unAigbtIf  ctaihJ 
poni)(I#  with  sulphur  tut  do  iron  and  other  Mil>«'tnnees  which  Ebnij 
black  Hulpbidea.  Lime  in  the  form  of  milk  of  lime  is  extensivelir  i 
both  alone  and  in  oonmtctiun  with  femiUf^  sulphate  or  alitm.  Wb«l| 
iQsed  alone,  it  gives  a  very  much  more  bulky  sludge,  which  hasbutrnyl 
'  llight  value  mt  a  fertilir^r.  The  amount  neoosttary  fur  irraitnKiit  of  al 
million  gallons  of  sewage  is  genenilly  stated  at  oii«  ton,  bat  aartel 
much  letw.  At  the  precipitation  works  at  Worcftit^^r,  Mn«t.,  forio-j 
stance,  (biring  the  year  ended  Nov.  30,  1895,  tlw  average  ^^^i 
amount  of  sewage  treated  was  l(i, 000,000  gnllonn  and  tlw  at 
amount  of  lime  iukhI  {)cr  million  gallons  was  but  a  trifle  o\'er  1,3001 
lbs.,  while  the  sewage  of  Lawrence,  Mass.,  was  found,  in  iJie  i 
Dienls  comliicti-*!  by  the  State  Board  of  Healtli,"  to  requin-  I,8fl01 
for  the  same  amount.  A^  a  matter  of  fnet,  llie  amount  necesaaiy  i 
ipentU  ii|>nn  ihd  ehamcter  of  the  sewage,  that  i)s  upon  the  anvuntof 
carbon  dioxide  in  it,  for  it  is  this  whicli  nets  upon  the  lime  to  cuKiJ 
preci]iitate  to  be  formed.  lienee  it  may  lie  .«nid  thiit  the  lunoDBl  i 
eseary  is  that  which  will  exactly  netitnilixe  the  contained  carbonici 
Ferrous  sulphate  is  very  rarely  employed  alone,  bin  geJienJly  ' 
lime,  tho  two  Iteing  used  in  such  amounts  that  uo  great  excess  of  titl 
is  left  in  the  eflluent  ;  and  these  amounts  can  only  be  ddermiBcdl 
actual  cx[KTini('iit  with  the  sewage  to  be  triMed.  On  this 
precipitation  by  fen-ous  sulphate  is  Hkety  to  be  somewhat  oorai 
but  vvlun  it  i»  priiiK-rly  carriw!  out,  it  np;K>an  to  give  very  | 
The  exjieriments  conducted  by  tlie  State  Board  of  Health  at  iIk  -t 
at  I/twrciice  led  to  the  conchisiou  that  Mulphatcof  iron  r'  — 
among  cliemiad  precipitants.  According  to  Mr.  W,  A.  ; 
ever,  who,  an  is  well  known,  has  made  extensive  experimtni-  ■"  ('''H 
subject,  the  comhiniition  with  lime  constitutes  the  most  ecooouiiol  i 
nia^t  efficient  agent.  An  excess  of  inm  in  tlie  efiluent  may  Indl 
to  an  unsightly  ilepostt  of  ferrous  sulphide  along  tbe  b^^rf 
stream  into  which  it  is  eventually  dischJnrged. 

Certain  other  elicuiii-al  jiroeei^ses  have  been  exploited  in  this* 
and  elsewhere,  but  none  of  tliem  appear  likely  to  be  adopted  i 
Among  them  may  he  mentioned  the  "Amitie«"  procMs,  in  wUi 
iKwage  is  treated  with  lime  and  amines,  chiefly  trimelbylamhu,  i 

'  Hcport  on  I'urilicatiun  of  tfemgv  aild  Water,  tSSO. 
*Joumnl  at  Stntc  Mnlicine,  Jan.,  ISSSi. 
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form  of  herring  brine.  While  it  givM  vf^ry  tiatitifaRtrirv  resultfi,  it  has 
certain  dmiHjnoks,  amonji;  which  nix?  the  dillicnlty  of  ei-cunng  .t  siifli- 
cient  sup|>l_v  of  ihe  Kpinc,  its  offensive  odor,  its  deterioration  on  storage, 
and  ilM  poMsiltli.'  inlhu'iict-  mi  iish  lifi'. 

Another,  sometimes  knotvn  ns  the  "  Woolf "  and  sometimes  as  llio 
"  Horniitv  "  {iroccsM,  dcprnds  upon  Iht'  iniion  of  flilorinf  4'<im[)oiitid!t 
iroduoed  by  electrolysis  of  salt   in  sen  water  or  in   the  sewnge  it«'}lf. 

ae  organic  nitUU-n>  nri-  mtnckcd  nnil  »omcwhiit  (liniliiifhttl  in  imioiiiil, 
it  the  principal  influence  is  exerted  in  the  direction  of  slcrilimlion. 
The  preoipitating  agi-iit  iit  itfrroiis  liydrate  fornied  l)y  tlie  action  of 
the  i'leetrio  current  on  iron  plntes  in  the  tanks.  In  the  so-wilIed  A. 
B.  C.  pn>o«is  (aliira,  l)Io<id,  and  day),  a  mixture  of  clay  and  charcoal 
in  liryl  nd'li'd  to  the  si'wti;;i?,  and  next  u  soUition  of  iiliini  iinil  >'iil])lintc 
of  tnagiieaium.  It  is  an  expensive  and  troublesome  process  and  yields 
&  tnrge  amannt  of  «hid^. 

Id  all  processes  of  chemical  treatment,  a  more  or  less  complete  tem- 
porary nti-rilization  i»  t-tUi'ti-d,  and  iliis  of  itsi'lf  i»  ofu-n  ii  very  NerioiiH 
■objection,  since,  olthou^h  the  efflnent  when  discharged  may  he  sterile, 
condition  is  not  lasting,  and  the  orgnnlo  matter  still  present  is 

iDd  sooner  or  lat«r  to  decompose  and,  pcrliups,  become  u  serinns 
nuisance.  The  objection  to  steriliitation  of  sewage  does  not  extent!,  of 
course,  w  the  pnthogcnic  bticteria  of  infcdcil  fieees  and  nrinc,  wliich 
tiould  be  destroyed  before  entrance  to  the  main  body  of  sewage,  hut 
wholly  to  the  saprophytic  orgiinii«nis  which  eventually  destroy  Ihc  or- 
ganic matters  and  convert  them  to  simple  harmless  compounds, 

There  is  always  more  or  li'ss  (trfriiiiif  matter  in  the  I'fllnent,  however 
oloiir  this  may  be,  and  this,  beinf;  pntrescible,  Is  certain  to  undergo 
diange.  ThUi  haj*  been  dcmnnsirnt^-d  wherever  eheinieal  treatment 
hii«  boon  a<lopti'<l,  and  it  is  generally  admitted  that  the  etilnent  cannot 
be  admitted  to  wat^r  courses  without  injury  to  the  (jiiality  of  the  water 
bolli  (to  far  ii»  fish  life  and  win  dc)  omen  ess  for  drinking  ai-e  c<)ncerned, 
Dnlesfl  it  is  first  further  treated  by  some  biological  process  and  thereby 
Rude  clean  nnd  harmlcis.  In  the  words  of  I'mt'csior  L.  1'.  Kinni- 
ciitt,'  who  has  made  an  exhaustive  study  of  chemical  purification  at 
Worcester,  Ma-ss.,  ancl  elsewhere  in  America  and  in  Europe,  "  Wo 
believe  wchave  provctl  in  America  ■  *  •  that  by  chemical  precipita- 
tion alone,  even  with  the  greatest  care,  and  at  an  excesi^ively  high  eost, 
a  filtrate  cannot  Ije  obtained  sufficiently  pure  to  turn  into  a  water 
course  unless  the  minimum  dry  weather  flow  of  that  water  course  is  at 
least  ten  times,  and,  U-tler.  fifteen  times  the  average  flow  of  the  sewage." 

Action  of  Sew&KC  Efflaents  on  Fiah  Life. — It  may  be  broadly  stated 
that  "purified  "  M-wagc,  wln-n  discharged  into  a  water  cinirse,  will 
cnnne  more  harm  to  fish  than  will  onliuary  crude  sewage,  for  while  all 
ohemienl  preeipitants  will  either  cause  the  water  to  act  as  a  p<ilson  or 
withdr.'iw  its  dissolved  oxygen  so  that  It  will  not  sustain  life,  the 
elements  of  crude  sewage  may  be  greedily  taken  up  by  the  fish  as 
valinible  food  mnteriul. 

■  Joum^  of  tJi«  SuiiiUirjr  liislitutc,  Jan.,  ItfOO,  p.  OTi^. 
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Mndi  dppcadfi,  of  Murev,  upon  tlic  iiuturv  of  tliR  prectpduol  (« 
of  tbcin  iK-ing  more  poi!M>aoi)a  than  others),  and  ali>o  upon  itsi 
bat  even  whru  i-xtfiisivi-ly  tliliiU'd,  il*  adion  is  distinollj"  bonDru! 
Lime  is*  supponeil  lo  act  by  beinj;  predpitatvd  in   the  gilU  »i 
boantc,  Uius  iliniinisliiiig  the   retpirntory  area.     ChloriiH,  in  t  fn 
state  or  »a  chlorinated  lime  or  soda,  vncrt^,  ovon  in  extn-melj^  iHa 
oonditiuii,  b«  li-^  than  one  part  in  11)0,000  ot'  water,  a  very  Uxt\  in 
flueuce.     Iron  Kults  act  not  only  3,1^  [wisonit,  but  lliv  fV-rriMLt  fi>nii5 1 
up  ihi;  di^olvod  oxygen  and  become  ferric;  tliea  tb«£e  becomt- rcdu 
and  again  absorb  it,  and  cvntiinic  in  this  way  to  mb  tlie  water  of  M 
power  lo  sustain  the  respiratory  fundion.     But,  on  the  otbcr  ' 
while  fresh  si'witgc  of  onliniiry  ronijioifition  \ii  Mitight  for  bv  ma 
species  of  6sh  as  a  desirable  food,  putrefying  sewaij^-  will  villii-r  act  in 
jiiriuiksly  on  fi»h  or  niiikf  i}i\K  \vut«r  M  repugnant  to  them  as  todri^ 
them  away. 

4.  Sevage  Irrigation. — In  the  "broad  irrigation"  or  "sen 
farming"  sy^lcm,  wwa;^  is  utilind  in  llii-  prowinj;  of  cr>i|»  ffluo 
take  up  and  dis|K>fte  of  much  <^if  the  water  and  dissolved  solids,  wiiUq 
at  the  Munc  time,  oxidation  prcx«siw»  in  the  ii)tcR«tices  of  iJie  j">il  (i«ti 
the  bacteria  and  convert  the  remaining:  organic  matter  to  simpk  I 
lews  pnxhict*.      For  the  di»p<i»>nl  of  lat^'  volunu-ii  by  this  mctho 
verj-  large  sewage  farms  are  ronuircd.     The  necessar)'  area  will  <Je 
tijHxi  the  nature  of  thet^oil,  its  pi-nneubility  and  water  capacity, ' 
upon  the  amount  of  annual  rainfall. 

This  method  hnH  \Kta  very  extensively  adopted  in  England, 
there  arc  hundreds  of  sewiiffc  furniH,  and  iti  Gvrraany,  Kmiicc,  Inai^ 
Anierioa,  and  elsewhere,  and  everywhere  it  has  lieen  found  that  iic  I 
and  fust  nik's  an  to  an-a.  \vcv  thousand  of  jxipiiliitiiin  nm  Iw  fullo« 
In  England,  the  idea  obtains  very  generally  that  every  hunJred  1 
]w|Hiiali<m  will  rcijulrc  one  nere  of  sewage  farm,  bul  this,  it  mwt  ^ 
remarked,  while  it  may  apply  in  England,  which  is  a  ntiny  t^Mistl 
and  one  when-  ilnmi-Htiu  ocniige  is  likely  to  amount  to  many  1 
gallons  per  capita  than  on  the  Continent,  owiug  to  the  more  [ 
habit  of  daily  batJiing,  \*  much  in  ezceiis  of  actual  need  where  tbei 
18  more  suitable  for  the  purpose,  when-  the  rainfall  ix  less  in  an 
and  where  lioniestic  sewage  per  capita  is  produce<l  in  smaller  (piaiititMl 
Acconlinn  lo  Waring,  each  acre  of  a  wcll-r«^;ulatcd  plant  will,  und 
ordinary  conditions,  absorb  and  purify  the  sewage  of  2oU  to  600 1 
aons,  and  if  tlu-  Miil  be  of  {>on>iiit  fine  sand  and  the  question  of  ' 
be  put  in  the  bnckground,  that  of  1,000  to  1,500.  A«  the  iwimlatia 
grows,  the  plant  must  be  enlarged,  and  hence  it  is  necessary  to 
land  in  reserve  to  meet  fiUure  tk'niunds. 

Of  the  very  first  importance  is  the  selection  of  a  suitable  tract' 
land  for  the  e.MnbliAtimcni  of  the  plant.  This,  of  course,  i«  not  dwt] 
possible,  for  sometimes  no  bind  is  available,  and  again  such  a«  ia| 
hand  may  be  ()uiu- nnsuitetl  to  tlie  purpose.  It  must  bcneithtfl 
jH-rnuyiblc  nor  too  close.  If  too  coarse,  it  will  permit  llie  passage! 
the  aewoge  so  rapidly  thai  no  ptirilicnlion,  or  at  niost  impeifect 
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Gfistion,  will  oMur.flnd  the  efBueot  will  be  unlit  to  be  diactmrged  from 
tlie  uiiili-niraiiin  into  a  w»ter  coiirsw  ;  if  !<«>  citwc,  as  would  !».■  tin-  gwc 
I  with  a  very  Aease  rlay,  thp  imbibitiou  of  ivat«r  will  be  no  hIow  tbat  it 
will  fall  far  bvlow  th«  uniouiil  of  liwa  l»y  ovaimmliori.  Tite  wry  h>»i 
•oil  for  the  purpose  b  on«  of  sandy  loam  with  fine  interstitial  spAcce 
which  will  pt^rniit  not  too  rapid  |>en;<)liition,  nn<i  whiTi'iii  (he  proc«utft< 
of  niln'lii.'ntioii  can  pj  on  most  thoroughly.  Very  dense  days  may  Iw 
rendered  auilable  by  the  admixtiin-  of  s«iid  or  linio  mid  by  tile  iimler- 
drainiM;r,  iind  then  will  perform  its  oHiix-  in  a  snlisfacitory  manner. 
With  a  proper  plant  and  intelHj^ent  .'iii[>ervi»))on,  the  pnrilied  .sewage 
makes  a  clear,  brifrlil,  nnd  pnictioally  sterile  cRIiicnt. 

In  onlcr  to  carry  ont  the  scheme  so  aa  to  achieve  the  best  results,  the 
&ra]  ^hontd  U-  liiviilcd  iiiti)  thvif  pari",  not  noeeasnrily  of  ^tjiml  area 
but  of  o<|iiiil  absorbability,  each  of  hufBcicnt  raftaolty  for  the  dispoRol 
of  the  entire  ^i-wii|^  of  a  single  day.  Then  vnch  ihinl  enn  be  worked 
in  its  tnrn,  receiving  scwajje  one  day  and  resting  two,  but  the  capacity 
of  none  mast  he  overliixiKl,  le>i  the  soil  Iteconx-  swampy  and  fdlhy  and 
ocnite  the  work  of  oxidation. 

Tlte  farm  ia  laid  out  in  broad  ridge«  and  furrows,  the  latter  reeeiv- 
iug  the  sewage  at  regtilar  intervals ;  the  crops  grow  on  the  broad  ridges 
.between.      It  should  be  naturally  or  artilicially  nnfleni rained  at  a  dis- 
ttenoc  of  about  six  fwt,  isn  that  the  piirifi.il  fdtvrcd  wnt*r  may  Ik*  re- 
moved and  allowed  to  discharge  into  any  convenient  water-conrsc. 

The  Rmoiitil  of  daily  doM-  pi^r  acre  varies  very  widely  according  to 
ponvvolume,  permeability,  and  ranknesa  of  vegetation.  On  a  close  soil 
ID  a  cold  climate,  hitC  a  fi-w  ihou.'tand  gnllona  per  acsv  van  l>o  discJiarged, 
while  on  an  ojm'u  soil  in  a  hoi  country  with  rank  vegetation,  Ob  in 
Madras,  for  instance,  as  ranch  as  75,000  gallons  daily  will  not  he  cx- 
ceMive.  The  chief  crops  grown  are  cablMigcs,  manguhU,  timothy,  ire 
■od  other  grasses ;  in  short,  such  aa  can  bear  heavy  flooding  of  the  soil. 
\»  regani"  pri)fil,  it  may  Ik-  said  that  this  system  is  the  only  one 
which  can  possibly  yield  a  revenue,  but  this  is  not  due  to  the  supposed 
value  of  tJie  nianuiinl  constituents  of  the  si-wagt-,  but  to  the  water  itself, 
which  puts  the  crops  outside  the  danger  of  drought  and  beyond  the 
need  of  rain.  In  ttnme  climates,  crop  follows  crop  the  year  round  and 
tlie  annual  yield  is  large  ;  in  othen>.  the  seiison  is  ho  short  in  com|)arison 
tbat  the  yield  is  much  less.  Ai  the  Hirlin  iarms,  a  yejirly  yield  of  ■2.'» 
tons  of  grass  per  acre,  equal  to  five  of  hny,  is  regardi'd  an  hirgc  and 
aatisfactory,  while  at  Kri.ilmami)ett  in  Madras,  where  eight  crops  per 
year  are  harvested,  the  otilput,  awrording  to  Dr.  J.  N.  C'X»k,'  was  in 
one  year  *>y  tons  per  acre,  cfpial  to  about  •_';!  of  hay  and  worth  nearly 
two  linnilred  dnilurs.  The  city  of  Berlin  pun;h)u<ei!  nnd  set  aside  20,000 
acres  of  land  for  its  sewage  farms,  and  notwilhatnndiug  an  outlay  of 
more  than  1^,000,000  dollars  lor  the  entire  plant,  receives  a  yearly  profit 
of  60,000  dollars  from  its  operation,  the  labor  costing  nothing  except 
for  maintenance  of  the  men  engaged,  the-se  being  condemned  thereto 
for  various  minor  misdemennors. 
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Wlicllier  there  be  s  profit  or  not,  lliis  aspect  of  the  qimtuiD  mutt 
ever  be  kept  in  the  back^rouDd  and  the  primary'  object  ever  in  virv. 
When  ihtr  fiirnio  are  let  oitt  to  cnntraetora,  it  U  hIw.ivei  advtKiUt  and 
even  neceH!»ry  that  they  be  under  the  Htipervision  of  iuiiiu('I|al 
autliorily  to  injure  that  the  public  good  is  not  aubordinated  to  ftiiM 
gain. 

Infla«DC«  of  5ewag«  Imgation  on  Health. — Coneernin^  the  idSumk*! 
of  H-'witgi-  fiiniiH  upon  tlie  hciiltli  uf  thmu  dwelling  on  and  neaTlluili,f 
the  evidence  is  entirelv  on  one  side  ami  inoppoMtion  to  what  would  nM-j 
urally  l>e  an])p']'>ed  to  be  the  ce^e.  It  i»  the  mnie  from  Berlin,  Parii,  [ 
Edinburgh  and  the  hundreds  of  other  places  where  the  system  » iai 
and  all  to  the  effect  that  in  tK>  way  !»  it  injuriauii.  It  is  trueilulHli 
infrequently  the  sewnge  f^Wpi-  rise  to  more  or  lesB  diMgrecnhlc  odwr 
especiftlly  if  it  be  stored  too  long,  but  the  fields  ibemaelveearegMW-l 
ally  quite  free  of  nui>uinvo,  and  even  though  odor  be  pruwnt,  tt  pmo 
no  harm.  At  the  Berlin  works,  in  a  population  of  more  than  1,5(H^^ 
there  wiv*  one  denth  from  ty]ihoi<l  ft-ver  in  live  ywirs,  the  general  i 
rate  was  very  low.  and  the  zymotic  death-rate  exceedingly  so;  in  &(^j 
during  one  yi-ar  it  wn;^  niY. 

Complete  freedoto  Irom  infectious  disease  is  by  no  means  un!(]ii%j 
bnt  is,  indeed,  a  common  condition  in  the  exporienoe  of  jwwoge  httOr  [ 
inp.     At  the  farms  at  Gennevilliers,  where  the  sewaRc  of  Piirii  i-'  i^ 
ceived,  the  population  is  constantly  incresifling,  the  general  hc«l lb  » 
exofllcnt,  and  the  genend  death-rate  is  low  and  continually  dwreasinj- 
An  estensive  epidemic  of  typhoid  fever  in  Paris  would  be  snpp(»«d " 
be  the  foreniiincr  of  onother  of  givater  oomparalivc  severity  wbere  it> 
•ewuge,  containing  all  the  bowel  dischatges  and  unne  of  sick  in 
well  alike,  is  treated,  hut  cxjierii-nce  has  demonstrated  (hat  sneh  is  If] 
no  menus  the  case,  for  in    18S2,  for  instance,  when  Paris  was  Im] 
victim  of  an  uniuually  extensive  outbreak  of  that  dUeaw,  llKn'Ml 
not  u  wingle  ease  lit  Gennevilliers. 

So  lar  as  is  known  there  is  as  yet  no  proof  that  sKfvnge  inipo"] 
ha^  ever  ln-en  in  any  way  re!«]wn«hlc  for  the  occurrence  of  nnyelKoJ 
sive  outbreaks  of  typhoid  fever,  dysentery,  or  cholera,  or,  indwi,* 
«ntozoic  trouble.     Nor  is  there  any  ren«oa  to  look  iislcaiice  upoo  T 
produetjt  of  the  farms,  despite  assertiona  to  the  contrary  haicdi 
surmise  and   inexperience,  for  the  facts  show  that  gra.'v-i  and 
cropa  nreof  pKul  quality,  make  good  fodder,  and  bring  good  rwatoi 
miUc  and  butter  when  fed  to  cows. 

Ferr6'  ha*,  it  is  true,  reported  nn  oulhreak  of  typltotd  fever  i«i 
girls'  boanling-scliool  at  Jui-ani^on,  which  was  presumiibl y  due  lo^ 
tables  from  a  ^farden  wnleriHl  with  tin- contents  of  an  infectt^^l  oriBpM^j 
and  another  londi/^nl  outbreak  of  the  same  <iise&ee  due  to  in 
celery  has  been  re|Kirle<i  by  the  State  Board  of  Health  of  Mb 
aettA.     This  oeonrred  in  September,  1899,  at  the  Insane  Asylnn 
Northampton,  in  which,  prior  to  September  lOth  of  that  yenr,  bul ' 
cusca  haii  occurit-d  during  u-ti  ycunt.     Then  rases  Ix^an  to  appear,) 
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m  fifteen  d*s*!t  tlw*  »uinl»f!r  Iind  rmt-tiwl  lliirty-nine,  luid  Inter  u  few 
mon.-.  luvirstij^jtion  pntvLtl  beyond  nny  reneoimble  doubt  tiiat  ttie 
lutbrekk  waa  due  to  celory  j^rowa  in  bc<I.-<  whirli  r<^tx'iv<:<l  tliv  Ht^wuge 
''thcinstiUition.  Tiioim-tli(xl  of  bunking  <.-mployed  in  the  niltivatinn 
of  the  plants  made  them  a  favorable  medium  for  IiiutKRiitlin^  tht,'  dis- 
ease it  will  be  notod,  Iiowcvit,  lliiil  iicitliL-r  of  IIicsg  outbri-ak§  was 
due  to  produce  from  a  large  farm  receiving  the  diluted  scwaf^d  of  u 
di«Uinl  miniifipniity. 

Aside  from  locul  ooneidorationH  of  health,  what  are  the  reHtiltn  nt- 
tftincd?  Thix  qutMlion  ean  beanswertid  in  n  few  worcU.  Thcur^nuio 
mnlterH  of  thv  scwa;;e  itri'  completely  destroyed  by  the  sapri)|iliv(io 
huclerin,  which  alsi*  ilisinx'*e  of  their  piuhogeitiv  brellmm  ;  the  greater 
part  of  the  watt'r  is  UiUtn  up  by  growing  vegetation  and  eva|iorat4!(l 
latn  the  atmosphere,  and  the  balauee  in  pmctieally  -ttvrile  condition 
sinkrt  into  the  «u1)itoil  or  is  carried  uvray  by  the  underdrains  and  dio- 
cbarged  into  a  Hireara.  The  ctDueiit  at  Geiini'villier.t,  for  exampio,  is 
orgniiiodly  pun^r  thnii  the  orijiiiiiil  wiitcr  b''f<ire  it  becomes  sewage. 

The  Wftfins  Systom  of  IrriEatioa. — Irrigation  on  a  small  scale, 
known  in  this  country  as  ilie  "  Wariu)r  .*y:*l«'in,"  is  very  oommouly  rw- 
wrted  to  for  tlie  Ircutment  of  sewage  of  single  houses  and  small  seltlo- 
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tncnte.  As  begun  by  the  Rev.  Mr.  Moule,  the  inventor  of  the  earth 
closet,  it  was  a  scheme  for  tlie  itlt^poMil  of  llii-  liipiiil  wtustes  which 
ooiild  not  1)0  cared  for  by  his  closets.  The  plant  cnnsiatcd  of  an  open- 
jointe<l  tile  drain  laid  u  little  below  tlie  .-iiirtUce  of  the  ffrotind,  parullel 
witli  and  clojtc  to  u  fi>w  of  grupcvuies.  It  was  next  enlarged  by  Mr. 
K.  Field  by  the  addition  of  a  reservoir  or  fliisliinjf  tank,  slxiwti  in  Fig. 
90,  by  meamt  of  wliieh  the  whole  drain  eonid  be  flooded  throughout 
and   intermittently.     Brought  to  the  nutjoe  of  Colonel  Waring,  he 
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»doftUd  tlir  iiv.it«ni  for  his  own  house  and  proce^ed  lo  improTc  it  in] 
fie\'erti1  dircctious  and  to  brinf^  it  into  common  ii»r,     Uiidt-r  liim,  lb 
8y:«tf^in  was  brought  to  its  present  state  of  perffclion. 

Tlic  plnnt  coD8ist«  of  n  re^Tvuir  into  which  the  ^evrago  niiis,ai 
screening  basket  to  separate  the  paper  and  other  matters  iwt  M«ilT| 
oxi<li«ibl<!,  an  nutonintic  »iphon  hy  wliioh  complete  diiicharge  is  i 
eiired  as  often  as  the  reservoir  becomes  filled,  nnd  a  gattM^hnmber  btrl 
nicnii8  of  which  the  flow  is  diverted  to  any  of  the  three  outlets  whic 
lead  to  a  miniature  sewage  farm.  The  dniin  pi]K-7f  tirn  laid,  with  opeal 
joints,  not  over  ten  inches  lielow  tlie  surface,  and  the  grvund  wh 
they  discharge  may  Ik;  uw'il  for  gra«$plot»  ur  garilciis.  Tlie  reailb 
are  most  satisfactory  in  any  way ;  the  organic  u-astcs  are  oiidiwd  byj 
tile  iKiil  bacl«rift,  and  tiie  water  which  niiik»  into  iht-  subsoil  i»  iacapi- 
ble  of  cansing  pollution  such  as  occurs  when  cesspools  with  o[>t.-n  boi-l 
toms  Ik-Iow  the  xone  of  saprophytic  haclerin  are  employed. 

Within  recent  yuars,  the  li-ndcncv  has  been  to  do  away  with 
drains  wl^trc  ^nflicient  land  Is  available,  and  to  discliarge  the  sewagciK-| 
rectly  upon  tlie  snrftwc ;  and  in  1  JS9tt,  it  was  jinilictetl  by  Colma-l  War* 
ing,'  that  before  the  end  of  the  century  "  the  use  of  the  undfiyrcmndj 
tiles  will  have  becomv  exoeptional."  Fresh  wswage  thrown 
gras«  is  quite  inoffensive,  except  to  the  sight,  unless  deposited  in  i 
■inoniitx  in  tho.  ^tiie  place  as  to  mu^e  miring  of  the  ground, 
of  oxidiition,  and  consequent  putrefaction.  It  i*,  of  coursi-,  ne 
tliat  the  j'cnicned  malten^  be  rt-inoved  frequently  and  buried  or  bur 
and  that  the  reservoir  be  cleausi-d  lit  n-gular  intervals. 

B.  Sewage  7iltnition. — The  method  of  intermittent  filtratioai 
scwngc  is  the  same  in  principle  iw  the  prooeft*  described  in  die  chap 
on  water.  Like  that,  it  is  more  than  a  mechanical  separation  o(  sn 
p«?nde»l  midfi-n* :  it  i.-«  u  prowjw  of  !*creening,  oxidation,  and  eveiiiuii 
almost  complete  pnrilicatioa,  much  like  sewage  irrigation.  Ai 
as  18:ti),  Bronner,  of  Heidelberg,  endeavoring  to  learn  the  lesnl 
why  the  coTistitiients  of  fcrtiliviers  in  Solution  failed  lo  n-atii  ll*j 
deeper  layers  of  the  soil,  filled  a  bottle,  having  a  small  hole  in  iKi 
l»)ttom,  with  ititlod  garden  »<oil  and  jtourt-d  in  gmdiially  n  tliick^nb-J 
ing  manure  juice  and  observed  the  character  of  the  effluent.  wWek] 
be  found  to  be  almost  odarlew  aitd  colorless,  and  devoid  of  fertiH'ii 
pnipcrti<;«. 

But  the  system  of  sewage  purification  by  this  inean.i  had  its 
niiig  within  n-cciit  ywireat  tliceitpcrimeiil  elation  at  I^iwrence  nnderl 
direction  of  the  engineering  department  of  the  State  Board  of  Ucaltlili 
Mas.'<achu!>etts,  and  \»  now  in  actual  iim  by  many  municipalities  id  r**' 
country  and  abrond.     The  filter  Iteds  are  beet  made  of  sand,  not  T 
tbaa  O.'i  mm.  grain  si^ce,  atid  gravel.     Ordinary  loam^,  elayft,  and  ! 
■re  pnctically  MHclcst  as  filtering  muleriuis,  on  account  of  thediSic 
with  which  water  passes  through  them.     The  puiifying  agents  are  1 
bacteria  which  an^  soon  c:<tablii^hed  witliin  th<^  intcr8lic4?s,  and  th 
can  act  only  with  the  assistance  of  atmospheric  oxygen,  and  so 

<  Yal«  M«Ii<nl  JotmwI.  Not.,  1896. 


SEWAGE  FILTRATIOK. 

ftpplicatioD  of  ill*  «cwngp  tniijit  nltomnte  wilh  thoroiiffli  avmtion  of  llie 
b«d.  L*DleBS  the  applk^tion  be  iDtenaitteiit,  tlie  UTong  form  of  bac- 
terial life  U  encoiirii^d  iiii<)  (li«  proocw  failci.  When-  .tatul  of  tlio  ri^lit 
BOrt  is  not  oblainablc,  many  other  materials  as  coke,  burnt  clay,  coal 
dust,  and  <»nder»,  have  b(>cn  used  aK  ^ulMtitutea. 

It  is  unncocH§nry  ti>  disturb  the  mnin  body  of  the  filter  after  tlie 
prooeas  has  bw>n  started,  but  on  account  of  the  tendency  of  solid  ina- 
Uriiil)^.  Kuoh  n^  jwipcr,  ft«,.  to  acciimulutc  in  the  upper  layers,  it  is  found 
Decesieary  to  rake  or  dig  over  the  surface  as  often  as  the  indicattona 
point  out.  Aroordin^  to  Mr.  X.  H.  Goodnoiigb,'  of  the  GngiiRi-nng 
Oepartmont  of  the  $tate  Board  of  Health  of  ^lassachusetts.  the  hods 
of  four  of  the  Dltcrs  at  tin*  Lawrcnc<^  station,  alter  ten  yonr^''  continu- 
ous ojieration,  required  only  a  weekly  raking  and  a  semi-annual  spad- 
ing to  a  dc]>tl>  nf  six  to  eight  inches.  In  live  years,  it  had  not  been 
□i-oessary  to  remove  any  of  the  clogged  sand  for  renewal  of  the  sur- 
Isoe.  During  the  tenth  year,  more  than  90  per  cent,  of  the  or^nic 
matter  of  the  very  strong  Luwreiiw  wwiige  wa»  removed,  and  also 
more  than  9!)  per  cent,  of  the  contained  Imcleria. 

It  hiw  ln-cn  »hown  by  the  cxpcrimeutu  at  l.iiwn-nce  that  100,000 gal- 
Ions  of  crude  sewage  per  day  can  be  puri6eil  during  all  but  the  cohler 
months  of  the  year  by  each  acre  nf  lilter  undi-rd mined  at  a  depth  of 
three  to  five  feet.  And  even  in  winter,  there  is  no  great  difficulty  ill 
disfiosing  nf  ahnost  a*  large  volumi's  if  the  beds  are  properly  looked 
atlcr,  and  provided  the  sewage  is  delivered  in  large  volumes  at  a  time. 
M'ith  delivery  of  small  quantities,  there  is  more  danger  of  freening. 

It  must  belxirne  in  mind  that  the  si-wngi.'  of  many  kinds  of  manu- 
facturing eslabliEhmenta  is  not  suited  to  sand  Biters  or  other  proceseea^ 
which  dejiend  for  their  ediciency  on  miero-organisms,  iK-causc  of  con- 
taining chemicals  which  will  destroy  the  life  of  these  necessary  agents. 
Thus,  in  the  single  industry  of  tanning,  at  least  two  subsiancvs  are 
used  which  interfere  with  bacterial  growth.  In  the  firet  place,  green 
skins  are  quite  likely  to  be  piT«er\ed  by  means  of  chemical  di^iufet!- 
tanls  (snlfonitphtol).  and,  next,  when  the  skins  tire  soaked  preparatory 
to  having  the  hair  removed,  Ini-ge  quantities  of  chemicals,  such  as 
arsenic  sulphide  and  lime,  mijted  togi-ther,  are  used  to  facilitate  the 
proDCHs,  Sewage  containing  these  substances  in  sufficiently  large 
amount,  if  applied  directly  to  a  sand  lillcr,  will  quickly  interfere  with 

kits  efficiency  hy  destroying  the  nitrifying  organisms.     Sewage  from 
this  indnstrA'  contains,  in  addition,  such  a  very  large  amoniit  of  orgunio 
matter  in  suspension,  that  if  applied  directly  to  a  sand  filter,  it  will 
t        cause  clogging  very  quiekly. 

f  Hence  this  and  other  induKtrisd  Bcwape  of  objectionable  character 

must  l»e  submitted  to  sedimentation  or  other  treatment,  according  to 

»it>t  nature,  as  a  preliminary  to  siuid  filtration.  It  has  been  found  that 
arsenic,  for  instance,  can  be  completely  removed  by  passing  the  sewage 
(hrrmgh  coke  breew.  "  The  removal  i*  probably  due  to  a  combination 
of  the  arsenic  with  the  iron  in  ihe  ooke  and  the  formation  of  an  iiisol- 
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nble  double  salt  of  iron  and  arsenic,  wliicb  is  retained  in  the  coke." 
Filtnilioii  lliroitgh  coke  Iia.4  also  hoctu  fotind  to  be  efRok'nl  in  rcoioTing 
th«  or;^nic  matters,  wen  when  the  sewage  is  applipJ  at  tbe  rate  of 
2-»0,iH10  to  300,000  gullous  jK-r  acre  daily.  Odn-r  kimUof  iiidojirial 
;flewa^  may  contain  otlK-rubji-clionubk-  subctancea  whicfa  mar  Irani  to 
elog  Uie  lilter,  as  grease,  soap  ai»d  other  materials,  and  ihtit;  mar  i^ 
quire  special  Iroatment.  The  im]>on»ncc  of  f^iardin^  i^ainst  ii^aiy 
to  tiie  nitrifying  organisms  by  sjwcial  »tewage!i  must  be  btune  in  nioi 
and  also  thai  if  ihi-  j>rxi«-Mi*  l>e  stoppi-d  in  winter,  it  cannot  be  tciwiKd 
until  ibe  return  of  warm  wejillier. 

6.  Other  Biological  Processes:  Dibdis's  "Bacteiu  B«i" 
Oameron'3  "  Septic  Taok." — As  an  outcome  of  ex{>enmeDtfi  in  the 
fiirtlicr  [iiirtlicntian  of  the  effluent  of  chemically  trcatwi  sewage,  sptang 
tlie  method  known  a.»  Unit  of  L)il»lin'»  haclena  lilter.  With  tbr  kt<a 
that  purification  in  a  filter  bed  is  Dot  wholly  brought  about  al  Ik 
surface,  but  that  the  whole  bo«ly  of  the  filler  i»  eoncemed  thcrciti,  ei- 
perinients  were  made  to  determine  the  result  of  filling  a  bed  aod  n« 
straininj;  the  oiitBow  for  difTerent  [leriiKU  of  time,  tinit  giving  lie 
orguniflmij  throughout  the  bed  the  same  opportunity  for  action.  Whca 
the  (wnli^iiU  were  allowed  to  run  off  through  tiie  underdrainii,  liie  i 
t«ratices  of  the  bud  l>ecan)c  filled  with  air  by  inspiration,  and 
sianiling  thuA  for  a  time,  tlie  process  of  filling,  standing,  ami  emptriBK  J 
was  repfated  continumi^ly  for  xix  (lay«,  and  then  nn  interval  of  Ivrea^j 
fonr  liiiurs  was  allowed  for  complete  aeration. 

The  results  ohtnincd  were  miwt  promising.     During  the  firrinuiatk,] 
running  al  the  mte  of  half  a   million  gallons  daily,  the  purifiorio 
mciisurtHi  by  the  albuminoid  ammonia,  ran  Iwtween  70  and  80  |xr  < 
and  ailer  a  full  month  reached  83  per  cent.     The  effluent  wa»  tliea  i 
pure  thai  tbh,  placed  in  it,  lived  many  weeks.     Ijater  on,  the 
adopted  compriKed  two  honnt  for  filling,  one  for  standing  full,  and  I 
for  emptying,  so  ihat  the  cycle  was  completed  in  eight  hours, 
filtrate  at  the  nttc  of  a  million  gullonn  n  day  for  eight  weeks,  tbe 
wad  fiiund    to  show   7S   per  cpni.   of  purification.      The  good  n« 
were  observed  to  be  yioliicd  tVMi   wlu'n  the  weather  was  so  coU  ibtj 
ice  formed  on  the  surface.     From  these  experiments  it  appears,  i 
fore,  that  the  purifying  ca|)acity  of  a  filter  may  be  expr^»«d  in  i 
of  cubic  as  well  as  of  surfu(«  measure. 

In   c(>n.4i-i|n(uici-  of  the  favorable  results  of  these  experinKsts,  MrJ 
Dibdiu  recommended  similar  tix^tinent  for  crude  sewage,  aitd  in  N' 
vember,  181)1),  ihe  process  was  instituted  at  Sutton.     Anavengei 
2d,16o  gallons  per  day,  ejjual  to  77.'t,O0O  galloiu  per  acre  ftfi 
•wm  treated  with  good  results,  the   purification  amountiog  to  6$ ' 
cent.     The  ettluenl  was  further  treated  on  other  be<l.-*,  and  thus  a ' 
reduction  of  8i).-i   per  cent,  was  brought  about.      The  efSuentS ' 
nearly  inodorous  and  suggested   nothing  worue  than  freshly  to 
gaideo  soil.     I>uring  the  76  days  of  observation,  the  eus|>eDded  so^ 
diapoecd  of  by  bacterial  agency  amounted  to  the  equivalent  of  over) 

<  Report  ot  ilip  Stnic  Hoard  of  tl««llb  of  MaiBftchiwetU  tor  1M6,  p,  &k 
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of  elu<)gv  dnily,  ho  thitt  not  only  wm  puriJicatioii  oSectrd  tnucli 

'  more  a  imp  I)'  and  cheaply  than  by  chemical  treatoient,  hut  theannoying 

aiu)  expwisivf  malu-r  nf  sludge  iliBp'wnl  wii*  viilirely  done  uwiiy  witli. 

For  the  disposal  of  a  cnilliun  gallons  of  sewage  per  day,  Mr.  Dib- 

din  '  reoommend.4  as  follows :   Befure  U'ing  [Missed  on  to  the  licds,  the 

wwage  fihoiild  be  scroened  in  order  to  remove  mechanically  as  much 

I  of  tlie  Auspended  niut(«rHa.4  poBAible,  nnd  tlittte  inny  hi-hiinii'd  or  biiric<l. 
The  finer  solids  "if  placed  ujwn  a  filter  constnicled  in  the  ordinarj' 
manner  with  a  stratum  of  tine  material  \i\)cn\  Llic  surface,  will  at  onoc 
form  u  luyor  of  slimy  mnd,  impeding  the  progress  of  the  water  into 
the  pores  of  the  filter,  and  preventing  the  entrance  of  air  so  necessary 
for  the  heftllhy  life  processes  of  the  Imcterin,  with  the  result  that  in  .1 
flbort  time  the  whole  mass  becomeii  putrid,  and  the  'filter'  is  a  failure. 
"  The  (iret  aet  of  bacteria  bed:*  iihoiiid,  to  he  on  the  safe  aide,  have 
a  collective  capacity  of  160,000  cubic  feet,  divided  into,  say,  nine  pai^ 
titioDit.     These  hed^  should  l)e  fith^  with  either  coke,  burnt  ballast,  or 

'other  suitable  substance  which  has  been  rejected  by  a  half-inch  mesh 
in  order  lo  exclude  dust  and  smiUl  stuflT,  and  thuH  lessen  the  cluioce  of 
clogging  from  the  accitmulntion  of  sludge  and  the  nooglea  form  of 
bacteria,  which  by  its  gelatinous  character,  nnder  favorable  conditions 
might  develop  to  a  suiRcient  extent  to  nssist  materially  in  rendering  the 
filter  wal«r-logged.  "  •  •  In  addition  to  this  set  of  beds  filled  with 
coarse  8tuff,  a  second  i«erieii  of  the  sami>  ciipaclLy  should  l)e  construeted 

'  at  such  a  level  that  they  can  be  filled  without  pumping  from  the  first, 
Theae  ahould  he  filled  with  the  line  ooke  or  ballast  passed  by  the  sifting 
ID  the  first  instance,  but  the  fine  dust  should  be  rejected. 

"  If  it  should  be  desired  to  obtain  a  still  more  perfect  effluent,  and 
tbua  to  realize  the  ideal  of  perfci'tioti,  namely,  un  approach  to  drinking 
water,  another  set  of  filter  beds  of  the  same  area  as  the  foregoing  may 
be  provided  in  tlio»c  cases  where  tlie  levels  permit,  and  filled  vritli 
very  fine  breeze  or  fine  sand,  such  oa  that  used  by  the  water  com- 
panicH."  The  beds  of  each  series  are  to  be  filled  in  order,  and  when 
No.  8  is  filled.  No.  I  is  ready  for  lis  second  chaise,  and  so  on,  Allow- 
iog  one  hour  for  filling,  two  for  resting  full,  one  for  emptying,  and 
three  for  resting  empty,  eiich  bed  can  receive  three  charges  in  twenty- 
four  hours.  The  ninth  bed  is  to  be  held  in  reserve  to  re|ilace  any  one 
which  may  he  thrown  out  of  uution,  and  "  it  would  be  a  useful  arrunge- 
menl  to  systematically  throw  one  tank  out  of  action  each  day,  thus 
giving  them  all  a  day's  rest  once  in  nine  days."  The  efficiency  of  tlie 
TaHous  beds  may  be  determined  occasionally  by  testing  the  filtrate  for 
Ditrate^,  the  presence  of  which  in  fairly  regular  amount  is  evidence  of 
unimpaired  activity. 

According  to  Dr.  Clowes,"  the  first  effluent  of  the  experimental  ooke 
b«U  at  OrossnCM  for  the  Ireiitmcnt  of  Louduu  sewage  is  of  such  a 
character  that  fiah  can  live  in  it  for  months.  The  whole  of  the  sus- 
pended mtttfir  and  h\,>i  percent,  of  oxidiziible and  piitresoible  matters 

>  PiiriRotion  af  Sa»n|[c>ncl  Wat^r,  l.<milnn,  11407,  p.  139. 

*  Baolvriul  TnatiDcm  u(  ^viin^v.     Sw.'unJ  lUporL     London  Count;  CoudciI,  IS99. 
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DISPOSAL  OF  SEWJOE. 


MXt  reitioved  by  a  single  treatment  Double  treatment  raises  tht!  fa- 
mntag<.' from  51.3  to  69.2.  The  ilepoifitiiin  of  celltilow  in  viihoiul 
forma,  as  cotton,  paper,  woody  matters,  straw,  and  chafF,  which  matUn  j 
do  not  upficar  to  be  uctv'i  ii|Km  to  any  i-xlt-nl  by  bncteriii,  catutscon- 
Biderable  closing  of  the  interstices  and  hence  reduces  the  capacity  ofl 
the  filler.  It  was  ostimated  that  tt»c  rmluction  amounted  tu  about  a| 
third  in  ten  mouths. 

At  Sutton,  it  miu*t  be  f&Ul,  there  Li  a  catchpit  to  inlorwpl  the} 
heavier  niattore  and  s  very  cfticieut  screening  machine,  and  since  tbej 
Bewage  eonies  down  in  so  fresh  a  condition  that  neither  the  paper  Dorl 
tlifl  tM>lid  ficccs  have  had  a  chance  to  di<tintpf;nitc,  a  very  largv  pcrarat-l 
age  of  organic  matter  never  reaches  the  61ter  at  all. 

The  Camvron  "«-plictnnk"  pruc«M  ia  one  in  which  the  anafroble 
bacteria  are  Brst  utilized  for  the  purpose  of  hastening  tJie  decomposilioal 
of  the  organic  matters.    Contrary  to  the  general  opinion  that  w« 
ought  always  to  be  treated  before  the  beginningof  piitrefaclioo,  id  tlail 
aynt^tni  tlic  nctvagi!  is  kcfit  in  storage  tanks  out  of  contact  with  ligU 
and  air  until  the  organic  m.iltcr  is  broken  down,  and  then  is  pniwi  oo 
to  bacteria  beds  wbere  the  aerobic  forms  continue  t)>e  work.    Vlult 
the  treatment  of  aowagc  in  large  volumes  by  thi«  process  is  of  rmslj 
date,  the  principle  i.i  not  new,  for  la  1881,  a  patent  iras  graaud  in! 
Franci-  to  M.  l^ouis  Moiira»  for  a  ee«spool  wiiich  npp<^'urs  to  be  tbr . 
same  thing  as  the  C^imeron  tank  on  a  small  scale.     In  fact,  any  tight  J 
CGSHpool  \a  nothing  le»s  tlian  a  primitive  neptic  tank. 

The  first  attempt  at  purification  of  town  sewage  by  this  srsum ' 
institiilnl  at  St.   I^eonard'n,  a  suburb  of  Rxeter,  England,  by  Hr.j 
Donald  Cameron,  whotw  initial  phint  consiHtcil  of  a  lai^-,  undergrDOMtJ 
covi-rcd  tank,  sijty-four  feet  long,  eigliteen  feet  deep,  and  of  anai 
depth  of  a  little  over  seven  feci,  and  live  Dilidin  iKicteria  bednfiUtl^ 
with  coke  breeee  and  clinkers.     The  crude  sewage,  before  enterii^  lis 
tank,  passes  fir.tt  int^i  a  grit  clinmlK-r,  wtiicti  ip>  thtt-e  fn-t  di-qwr  tbu  i 
the  tank,  and  in  this  (he  heavy  matters  fall  and  are  detained,  but  ray  ( 
be  removed  without  interruption  of  the  prticcHS  in  oi>eralion  vriiliin  lb* 
tank.     The  sewage  is  nut  scn-ened  in  any  way,  and  enters  tlittaoki 
after  passing  the  grit  chamber,  by  inlets  placed  five  feet  below  tit  «i>  ' 
face.     The.te  are  so  placed  for  «i-veml  rciisons  :  the  screen  floslingoBi 
the  surface  is  not  disturbed,  gases  from  the  tank  cannot  escape  1 
wards,  and  air  cannot  enter  the  sewage. 

In  tiie  tank,  the  sewage  umlergoes  putrefaction,  the  oi^nic  mitiei!] 
being  broken  up  into  simpler  soluble  forms  and  in  great  part  convettt^j 
to  carlxtn  dioxide,  snlphnrt'tted  hydrogen,  ammonia,  nitrogen, 
otlier  gafe.*.  The  How  through  the  tank  is  continuous,  and  t)i<'(Su*^t| 
passes  off  through  outlets  located  at  the  further  end  at  the  sam;  \tvn 
as  the  inlets. 

In  the  center  of  the  tank,  an  inspection  chamber  of  brick  and  ihid 

jiktc  glass  is  constructed,  and  from  this  the  processes  going  on  tan 

ab0er\-ed.     At  the  surface  of  the  liquid,  a  scum  about  two  inchn 

F|hickneu,Goasi8tiiig  of  flocculent  matter  in  various  stages  of  decomp 
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Binoi),  U  fnTnied,  much  of  it  hmuglit  up  from  tlie  Imttom  by  giucD 
formuci  ill  tJiv  process  of  (k-compoMitioii.  Tliroiigliout  tlic  tsnlc.cuunt- 
lesH  snmll  rassseH  are  wen  rising  through  generation  of  gait<>»  iititl  lalliiig 
by  their  own  wt-ight.  Evm-  time  u  purliclc  rise's  or  fulls,  it  lot-es  in 
voUitne,  and  finally  it  disappears. 

Tin'  vftlnoiit  from  ihr  tank,  bniwiiish  yHlow  in  color  and  oflVni^ivc 
in  odor,  \%  next  admitted  to  the  bacteria  beds,  where  the  nitrifying 
OTgantitmit  |>Grform  tJioir  shnrc  of  tlx'  work.  In  it«  journey  to  these 
beds,  it  pBHses  in  a  thin  layer  over  the  sides  of  troughs  closed  at  both 
ends,  and  thus  becomes  ar-raled  hy  contact  with  the  iiir.  By  nn  anto- 
mntic  arrunncmcnt  which  regulates  the  flow,  one  bed  remains  full  while 
another  is  being  lilh?d,  and  after  a  eertain  time  ig  allowed  to  empty. 
Four  l>ed!>  arc  kept  in  use,  tho  fifth  reeling  for  a  week.  Each  bed, 
then,  is  in  operation  four  weeks  out  of  every  five,  and  after  ila  week 
of  rcwt,  takes  tho  pliico  of  t]ic  one  which  hft«  been  longwst  in  use.  The 
accomulation  of  simlge  in  the  tank  is  very  slight.  It  amounted  to  but 
fifteen  indite  at  the  end  of  ten  months'  trial,  during  which  time  over 
seventeen  million  gallons  of  sewage  were  treated. 

Analysis  ha.-)  shown  that  the  organic  mutters  in  solution  are  reduced 
in  itniounl  nearly  n  third  and  the  suspended  matters  more  than  a  half 
by  bacterial  action  within  i!ie  tank,  and  that,  after  pitising  ihrough  both 
the  tank  and  the  bnctcria  bcdf?.  the  sewage  loses  prncticjdly  all  of  tho 
suspended  matters  and  over  80  per  cent,  of  the  oxidiziihle  organic  sub- 
!itJince»  in  Mlulion,  The  eflluenl  from  the  be*ls  is  fuirly  clear  and  suf- 
ficiently pure  to  warrant  its  discharge  into  a  water-course.  It  is  even 
oiainicd  that  it  \*  fit  In  drink. 

The  advantage  of  the  tank  lies  In  the  reduction  in  tho  amount  of 
Bospended  mattent,  whereby  le.sK  clogging  of  the  surface  of  the  bed  oo> 
cunt,  and  in  relieving  the  beds  of  much  of  the  work  of  disposing  of  or- 
ganic matter  hy  nitrification.  The  cost  of  working  is,  moreover,  very 
"light,  iiinsniucli  as  the  iip[)iir»tus,  by  n-iwon  of  its  ingenious  system  of 
automatic  gears,  requires  little  supervision.  It  is  claimed  thai,  with 
thb  system,  ns  much  m  363,000  gallons  per  acre  of  bacteria  beds  can 
be  cttapoeed  of  daily  without  nuisance. 
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DISPaSAL  OF  GAitBAGE. 


GARUAr.E  comprises  nil  mimncr  of  wa^to  matcrinl  und  ita  diitpn«iil 
is  of  very  great  economic  and  Baiiitary  importance.  Tin-  daily 
accumulatioii  in  townn  anil  citii-s  i-n  very  Ktvat  and  it»  removal  at  regu- 
lar intervals  is  a  mutter  of  great  concern  to  municipal  adni!Di»mtion. 
From  a  hygienic  standpoint^  the  proper  dii^posol  of  kitchen  waste  and 
other  deconipotiublc  material  far  outweij^hs  in  importance  the  removal 
of  siioli  uiatt*^r»  in*  waste  paper,  a>«hes,  ili:«carded  boots  nml  ithoefl,  tin 
cans,  hultlci!,  and  oiIkt  nibbiitli,  which  in  no  way  can  aflect  the  public 
health,  but  which  for  various  reasons  may  not  be  allowed  to  iiocnmulate 
in  the  bouachold.  In  rural  districts,  thLMlispusal  of  garbage  in  general 
ta  exceedingly  simple,  but  in  crowded  oommuniliea  it  entaiU  great  ex- 
pense and  is  usually  a  very  complicated  jinililcm.  .Since  this  work  is 
concorucd  solely  in  matters  of  sanitary  interest  and  not  in  (.-oonomics, 
the  consideration  of  this  subject  will  be  ru.'^triclcd  to  the  Dietboda  of 
disposal  of  those  tnatters  the  retention  of  which  on  occupied  pnmitM 
may  be  regarded 'as  detrimental  to  health,  namely,  tltose  known  as 
kitchen  refuse,  or  fwill. 

The  methods  of  disposal  of  these  matters  comprise  those  which  may 
be  carried  out  by  tJie  individual  houwholder  on  the  spot,  and  those 
adopted  by  municipal  authority  after  house-to-house  oollection. 

lu  ni^ny  households,  they  are  di.-<pos(Kl  of  by  burning  in  the  kitchen 
fire  with  or  without  a  jireliminary  process  of  drying,  for  which  a  num- 
ber of  simple  apparatuses  have  been  devised.  .-V  vory  f  fticient  arrange- 
ment in  common  use  consists  of  an  onlargemeut  in  the  lower  part  of 
the  stovepipe,  forming  a  chamber  into  which,  through  a  doorway  in  the 
end  or  aide,  the  refuso,  in  a  suitable  metallic  hottier  with  perfi>rat«d 
sides  and  bottom,  is  introduced.  Through  this  the  hot  air.  gswcs,  und 
smoke  fi-om  the  lire  pass  on  their  way  to  the  chimney  flue,  and  thus 
complete  drj-ing  »n<l  partial  carbonization  are  bnaight  about.  The 
dried  re<iidue  is  finally  disposed  of  by  burning  in  the  stove,  where  it 
serves  a  useful  purpose  iLt  ftn'l. 

In  country  and  iiuburban  districts,  kitchen  waste  is  ndvantog^oosly 
disposed  of  by  fi-i-ding  it  in  a  fre^h  and  sweet  condition  to  swine  and 
poultry,  and  depositing  in  the  soil  such  matters  as  they  will  not  cat 
Burying  in  the  soil  is  a  simple  and  efToctive  mctho<l  of  disposal,  entail- 
ing but  liltle  labor,  since  it  is  best  not  to  deposit  il  very  dci-ply. 
Xear  the  surfaoe,  decomposition  occurs  (|uilo  rupi<)ly,  and  so  a  covering 
of  earth  a  few  inches  in  depth  is  (piitc  enough  to  prevent  conumina- 
tioD  of  the  atjncepbere  with  noisome  odors. 


DISPOSAI.  OF  GARBAOB. 


485 


The  inettiod»  Adopted  by  municipal  authorities  comprise  dumping 
into  the  sea,  (IispDi>al  to  fiirnii'M  fortiwiii<--fii.*ilin);f  iitilizntionsi>  food  for 
herds  of  flwiue  kept  for  th«  purpoec,  and  reduction  and  inoinemtioii  in 
liirnaccs  of  spodal  oonttruotion,  known  ai*  destructors.  Diim)>iDg  into 
tlie  aea  is  open  to  the  objection  that,  under  fiavoring  conditions  of 
wind«,  lide«,  an<l  curreutN,  much  material  may  be  washed  ashore  and 
beootoe  a  nuisance  an<l  uyeeuri:  to  the  immediate  neighborhood.  Dix- 
poMil  to  fariiiera  involves  cartage  over  inile8  of  road  in  wKgoiu, 
which,  if  Dot  leaky  for  liquid  mnttcrs,  lit  Iciut  permit  the  escape  of 
nauiieoufi  odore,  to  the  annoyance  of  dwellers  and  travelers  along  the 
route.  It  involves,  also,  i^tomge  for  at  iciu<t  n  eliort  time  after  collec- 
tion, unless  the  garbage  wagons  can  be  themselves  sent  into  the  coun- 
try, a  procwdiiig  which  can  liardly  he  regardt-d  hy  the  taxpayers  as 
consistent  with  the  proper  management  of  municipal  revenues.  This 
period  of  storage  is,  in  effect,  a  continuation  of  that  which  has,  perhaps, 
extended  already  through  scvenil  days  or  n  week  before  collection, 
during  which  lime,  various  fermentative  pniceases  have  been  at  the 
work  of  dacompoaition  with  production  of  simpler  compounds  of  o9en- 
aive  character. 

Incineration  at  special  stations  for  the  destruction  of  swill  and  all 
other  corabiiatihle  rubbish  is  being  widely  adopted  hy  large  conimiiui- 
tic«,  tind,  in  many  placA-n,  has  jiroved  to  lie  nut  only  the  most  econom- 
ical method  of  disposal,  but  even  a  source  of  gain.  To  such  a  Citation 
are  brought  the  daily  collections  of  garbage,  which  at  once  undergo  a 
process  of  sorting.  Paper  and  pasteboard  are  utilized  in  the  furnaces 
as  fuel  or  are  sohl  to  be  ii.ted  in  the  manDfactureof  the  cheu|K'r  grades 
of  paper  ami  ciinlbuanl  ;  old  shoes  mid  boots  are  disposed  of  to  the 
maRers  of  artificial  leather,  and  rubbers  and  ovei^tioes  to  the  inanu- 
fnctnrere  of  rubber  goods  ;  tin  cans  ore  heated  to  recover  the  solder; 
pieces  of  unoonsumed  coal  are  collected  and  iisyd  or  sold  fur  fuel; 
broken  funiitnre,  boxen,  barrels,  and  other  u-ooden  objects  are  split  up 
into  kindling,  and  excelsior  stuffing  is  utilized  in  the  fnrneces.  In 
short,  alinoNt  every  kind  of  riihhish  i^n  lie  ntilim-d  in  sonii:  way  to  ad- 
vantage. The  late  Colonel  George  E.  Waring,  Jr.,  experimenting  in 
New  York  with  a  long  traveling  l>elt,  on  which  the  mmhiistiblc  waste 
from  a  distinct  containing  200,000  people  was  deposited  and  picked 
over,  found  that  !)0  per  cent,  of  it  was  salable  and  but  10  j>er  cent. 
rrni»iiie<l  to  be  destroyed  by  fiic 

In  some  establishments  now  in  operation,  a  long,  travelling,  endless 
IktIi  of  steel  plates  is  emphiyeti,  the  carts  dumping  upon  it  at  one 
place.  As  the  material  passes  along,  it  is  epiickly  sorted  over  by  men 
OD  either  side,  and  what  is  left  is  oonveyed  onwuriU  to  a  bin,  from 
which,  in  time,  it  passes  to  the  furnace  to  serve  to  destroy  the  kitchen 
waste. 

It  would  tie  impossible,  even  if  it  were  not  qtiilo  unnece^ary,  to 
give  in  detail  a  description  of  the  many  varieties  of  jnachines  and  fur- 
naces which  have  been  invented  for  tlie  ineincraliun  of  refuse.  Id 
general,  it  may  be  said  that  a  destructor  consists  of  a  fiirnace  witli  a 
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chamber,  proviilvd  willi  f;ntc4)ar^,  in  which  the  drv  or  parttillT  lined 
offal  is  bura«d,  and  a  second  diamlKT,  in  which  it  is  aubjevted  utlte 

Iprvliminary  i>nioi^»'«  nrilri-iii^.    Thi.i  seoood  chamber  is  placed  btluod 

"the  front  compartment,  which  receives  the  dried  gnrb^e  and  otber 
oombnulihlt?  mati^rial  wrvinf  aa  fuel.  In  the  best  forms,  two  fifw  ut 
maiutuincd:  one  at  the  forward  end  and  tii«  itccond  at  tlie  stack  end  «fj 
the  furnace,  the  latter  being  deiiigncd  to  ensure  coinplet*  oombnadinl 
of  vapor«  and  diwt  iwfwri-  entrance  to  iJie  chimney,  from  whi<ii,ollwf  | 
wise,  they  might  i^iue  in  such  s  form  aa  to  create  serious  nuisariw,  not  j 
alouc  to  the  immediate  neighborliood,  but  even  for  considenbl*  di»-j 
tances  away. 

The  burning  of  th«  fimoke  and  fames  is  very  essential,  and  biiire  I 
to  provide  therefor,  or  the  unsuccessful  npiTatiim  of  tin-  fume  cremitor,| 
haa  eaused  the  almndoniuont  of  many  plants,  which,  with  belter  tonat  j 
lation,  should  have  worked  suoocssfnlly  and  to  the  public  aali^factiim. 
In  many  EngliBh  cities,  destructor  fumares  liave  been  in  operation  for  I 
ycArs  in  close  proximity  to  dwellings,  tiehools,  and  hospitals  wiihoatl 
causing  iny  offense.  At  Ealing,  for  example,  (he  funiaee  is  located  ( 
at  a  distanci-  of  1  ftl)  yanl.i  from  two  hospitals ;  in  Whiteehapcl,  within 
a  very  few  yanls  of  dwelling  houses  in  the  mitUt  of  a  very  populous  I 
district ;  at  Ixneester,  but  a  very  few  yards  from  a  large  school  andj 
immediately  adjoining  u  considerable  number  of  dwellings. 

The  fnnie  cremator  consists  of  a  rcverbenitory  arch  with  rlng^oi] 
firt'lirick,  placed  in  the  dire«tion  taken  by  the  gases.  Projecting  rib] 
deflect  tile  vapors  to  the  top  of  an  intensely  hot  fire,  in  which  they  we] 
dcstroyiwi.  I'nivision  i^  made  for  rapid  removal  of  ashes  and  fiffj 
drafts  of  uir  at  needetl  ]>oint&  to  keep  up  a  continuous  vcrj'  bi^  i 
peralnre  of  above  2,()00"  V.  The  heat  produced  is  commonly  atilindl 
iu  the  production  of  steam  for  the  engine  which  di>e«  tlie  uewsWJ"! 

I  hoiating  and  otlier  work  and  drives  the  shafting  connected  witk  tie  I 
endless  belt  and  other  upplianoes.  Another  mne«t  u.'<eful  and  eoonaii*f 
ioal  application  is  the  ulilizatioD  of  the  great  store  of  energ^v'  for  nnt-l 

plaining  eleelriaii  light  plant.s  for  lilting  the  premises  and  ci'«itbt| 
public  strcei*.  In  Xew  York  and  Boston,  tlie  Kurplus  eiwrgj'  •*  '™*) 
ijted,  but  at  mc^^t  orher  plants  in  the  64  cities  and  towns  of  this  conottj  [ 
which,  in  18!>!>,  were  using  the  process,  the  heat  is  wa«ied. 

At  the  beginning  of  I8!t9,  81  coromanilics  in  Great  Britaia  «enj 
em|iloyirig  inoi  lie  ration  as  the  chief  nieiins  of  dis]iosal  of  refuse,  w»d  "*| 
of  them  turned  the  developed  heat  to  some  useful  puriKwe,  .4l«n*'| 
third  of  the  nnm!»er  une  the  power  for  electric  lights  for  the  works( 

^Btreett  or  Imth  together ;  nearly  two-ttunls  maintain  mills  for  pin'''" 

tteriaU  for  mortar  and  clinkers  for  pathways;  six  employ  tlw! 
for  the  puipose  of  jmhlic  ilisuifcctiou  ;  several,  for  pumping  sewaet,) 
others,  for  various  u^ful  pur|>oses.     In  one  city,  :),(XH),000  gtllooK 
sewage  are  pumjiod  through  a  twenty-foot  lift,  the  works  are 
by  ciMtrieity,  the  shops  and  forges  of  the  muuicipal  service  ani 
plied  with  power,  and  oilier  work  alfto  ia  performed. 
Reduction. — Iu  the  reduction  process,  the  kitchen  garbage  i«  i 


nunlu  which  pennit  the  drainiog  away  of  nio»t  of  th«  wat«r,  which 
ittoDdacted  directly  to  the  wwer.  Next  it  is  dried  in  cylindrical 
■tam -jacketed  chanibeis,  into  which  hot  air  and  auperlieattnl  steam 
IR  coitduct<^,  the  procvas  rt-quiritig  ahotit  6  hours.  The  material 
iats  about  three-fourths  of  its  weight,  whicli  passes  off  in  the  form  of 
Ifwous  vnpor  and  is  condenseil  and  diHoiiarfrtHl  into  tlic  iwwur;  the 
■ao-ooodensihle  atinkiug  vapors  are  disposed  of  in  the  vapor  cremator 
eaiuiect4.>d  with  tho  boilers  in  which  the  steam  i»  generated.  The 
Aied  residue  is  next  introduced  into  tanks  of  niiphtha,  and  the  whole 
■  beftted  by  Meam  coiU  until  all  |rreii:4e  has  l)een  nmioved,  when  the 
B^ths  solution  is  separateil.  This  is  then  distilled,  the  naphtha 
pAiiog  over  and  I>eing  reclaimed  for  repeated  use,  and  the  fat  remain- 
inf:  behind  a»  »  vuhmhle  pro<Uict.  The  extract4.>d  residue  is  dried 
again  and  worked  up  into  fertilieer. 

K«4]uclion  methods  arc  uppliciible  only  to  lar^  cities,  nml  since  it  is 
dawst  impossible  to  conduct  tlie  works  without  creating  a  nuisance. 

El  must  1>e  locat«<)  at  8uch  a  distance  from  n  community  that  the 
e  of  property  may  not  be  impaired  and  the  daily  enjoyment  of 
may  be  in  no  way  .sensibly  abridged.  If  the  amount  of  oollet:tahle 
kitchen  waste  is  sufficiently  large,  suy  that  from  a  population  of  at 
kait  1-V),000,  and  if  the  works  can  be  so  placed  as  to  cause  no 
noisnce  and,  at  the  same  time,  not  to  neceissitate  a  long  and  ex- 
leonive  haul  of  the  material,  reduction  has  been  found  to  fulBll  both 
Ibe  snnitjiry  and  tho  wtonotiiic  ixijiiiR-meiita,  the  yli-ld  of  grc-ftsc  and 
fatilixer  having  considerable  value,  thus  reducing  materially  the 
eost  of  di«]Ki«al.  But  as  in  the  case  of  sewage,  it  must  he  borne  in 
Biiad  that  the  removal  and  diifposal  of  waste  is  a  sanitary  measure  and 
dioDtd  not  be  viewed  too  much  from  the  standpoint  of  proUt- making. 
If  the  quantity  of  garbitgt^  oi>l]ect«d  is  too  smsill  to  wurnmt  treatment 
bf  reduction  proeesaee,  it  may  be  burned  to  advantage  in  destructors. 
Aeombinattonof  the  two  methods,  reduction  and  crenintioii,  would  seem 
to  be  the  most  advantageous  for  large  communities  producing  a  very 
htge  (hkily  umonnt  of  general  waHles.  But  the  })o.'v'<ihillty  of  nui.-<anee 
frum  all  reduction  works,  a  nuisance  which  has  already  caused  the 
■bandonnicnt  of  the  great  majority  of  the  plants  which  have  been  in- 
■Ulkd  in  this  country,  must  ever  he  borne  in  mind,  even  though  the 
liiuaooe  be  limited  to  a  small  percentage  of  the  population,  who,  if  they 
•onplain,  are  regnnled  by  the  rest  as  tniduly  si'iwilive,  pmne  to  mag- 
■ify  small  discomforts  and  give  them  a  factitious  importance,  and  in- 
MMtdnaic  of  the  general  welfare,  which,  even  If  true,  ciin  not  deprive 
Ucm  of  their  right  to  appeal  to  the  courts  for  the  abatement  of  the  cause 
idr  discomfort. 


DlslNFECTAX'lv,  or  germicides,  are  agents  which  bring  about  the  dc- 
■truotion  of  batrt/Tift  in  geiicnil  nnci,  innn'  )iiirticiilarly,  of  those  that 
lot  B8  the  exciting  causes  of  disease.  Vhlle  they  are  all  to  he  oloMcd 
03  nDtiHe|)tioj>,  tin-  tatf  rr,  as  n  cliu'iii,  are  by  tio  meanit  neoessarily  diaa- 
rvctiiDtH,  since  many  of  them  act  simply  to  delay  or  prevent  the  actioo 
of  fermentative  agents,  without  exerting  anydestmctiveinBueaoe  apon 
them.  Cold,  for  example,  is  a  motit  eRicicnt  autisoptic,  but  while  it 
may  inhibit  growth  and  activity  nf  niicm-oi^DismB,  it  does  not  necea- 
earily  dcprivi-  lliem  of  vitality. 

Deodorants  are  agents  which  remove  or  mask  disagreeable  odors, 
but  they  are  not  ticceasnrily  disinfectants.  Some  deodoranta  ore  effi- 
cient disinfectants,  but  not  ull  disinfectants  are  efficient  di'odorante.  The 
latter  arc  largely  siikHtanoea  which,  being  of  strong  j>eculiar  odor,  ar« 
Hscd  to  overcome  or  supercede  disigrceable  odors,  but  witliout  exerting 
any  intluence  upon  the  causes  thereof.  Odors  may  or  may  not  be  ■ 
concomitant  of  infcctloua  matt«r  according  to  circunistimocs,  and  when 
BO,  tlie  mere  fact  of  their  being  overwhelmed  by  a  more  powerful  rival 
smell  biw  no  iuflueuoo  on  the  vitality  of  the  hiicteriii  present.  Some 
deodorants  remove  smells  without  the  creation  of  another  and  withoat 
exerting  any  action  upon  their  causes;  thus,  charcoal  and  ordioazjr 
evth. 

The  function  of  disinfectanta  U  the  destruction  of  morbtBc  agents  so 
tliut  they  v\>a\l  uut  spread  infective  (liMcivfCH.  They  are  not  curstiTe 
of  the  infected  person,  but  are  preventive  of  the  spread  of  the  disease 
from  that  |Hir>oii  to  others.  An  elhcient  dii^iufeotAut  for  general  pur- 
poses must  possess  the  property  of  killing  not  this  and  that  species  of 
baoleria,  but  one  and  all  and  their  Kjiorcs  as  well.  Some  jnitbogenic 
bacteria  haw  a  tolerance  for  certain  disinfectants  and  can  jici|nirc  ooc 
gradually  for  certain  others.  Such  agents  cannot,  therefore,  l>e  in- 
cluded among  the  eflicicnl  class  fur  gcncnil  use.  For  special  work  in 
destroying  the  infective  agents  of  certain  diseases,  disinfectanta  which 
(uive  lM*n  proveil  to  exert  a  dcftnictivc  influence  on  the  jiartindar  or- 
ganisms may  be  used,  although  they  have  failed  to  show  au  equal  power 
against  othi'r,  more  resistant,  varieties. 

Disinfcclante  maybe  divided  Into  two  classes,  namely :  1.  Fbysioal 
agents.     '2.  Chemical  agents. 
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Tbe  phyriisal'figents  are  :  1.  Light.     2.  Heal. 

Light. — Direct  )Fiinliglit  is  ynt  of  tlir  lount  im|iortnnt  di»iiifoet«nt8 
knowQ,  It  retards  the  growth  of  many  orgaiiismtj  and,  after  a  vary- 
iog  niiniber  of  houn  of  cxptwtirc,  completely  destroys  the  vitality  of 
a  nuin(>or  of  the  most  imiKirtant  pathogenic  bacteria,  including  Bome 
generally  reaigiuMtl  as  highly  r<T«i)<taiit.  DifTiwd  duyltglit  and  trlee- 
tric  light  art'  aho  elTective,  but  In  a  much  diminished  degree.  Koch  ' 
announced,  in  1800,  that  the  baeillui^  of  mberciiIoMa  In  killed  by  direct 
sunlight  in  from  s  few  minutes  to  eeveral  hours,  according  to  th« 
thIckne.sH  of  the  layer  of  material  in  whleli  it  in  exposed,  and  by  dif- 
fused light  in  from  5  to  7  days.  Dr.  Frann  Mlgnecn  '  exposed  tubcr- 
culotifi  sputum  on  linen  and  woolen  fabries  to  direct  sunlight  and 
found  (hat,  provideil  the  layer  wu»  not  too  thick,  the  bacilli  could  not 
resist  longer  than  from  24  to  30  hours.  The  virulence  waa  observed 
todiniini)^h  gnidniilly  after  10  to  lo  hours  and  to  disapiH-Jir  completely 
aA«T  24  to  'M  hours. 

Janow.iki,'  experimenting  with  the  tyjihold  fever  baoilhis,  discovered 
tbat  that  org*ni»m  failed  to  grow  when  planted  In  bouillon  and  ex- 
poset)  for  li  bonra  to  direct  sunlight,  and  that  in  bouillon,  exjwsed  8 
bourn  out  of  every  day  to  difHised  light  and  kept  In  the  dark  the  rest 
of  the  time,  its  development  was  niueh  delayed ;  but  in  the  same 
medium,  kept  wholly  in  the  chirk,  cloudiness  was  observed  in  from  16 
to  20  hount.  That  this  action  is  not  due  to  increase  in  temperature, 
waa  Drat  shown  by  Saverio,'  who  ex[x>aed  gelatin  cultures  of  the  or- 
pnisnifi  of  typhoid  fever,  anthrax,  and  cholera,  and  Staphiflncnrciu 
pj/ogaiM  aureus  to  sunlight  and  electric  light  for  from  2  to  47  hours, 
atui  ma<le  careful  observations  of  the  temperatures  within  the  tubui. 
He  discovered  that  the  most  energetic  action  was  not  coincident  with 
high  temperaturei<,  though  the  latter  hasteii^l  the  beginning  of  the 
process.  The  action  of  electric  light  was  much  less  energetic  than 
that  of  the  dirtKtt  jiniilight.  Anthrax  »]Hires  were  destroyed  almtisl  as 
quickly  OS  the  boeilH,  and  after  a  certain  length  of  time  their  virulence 
progressively  dimini?ihed.  The  rod  and  infra-violet  raya  appeared  to 
exert  no  bactericidal  properties, 

Geissler'  found  that  direct  sunlight  exerta  a  more  powerful  influence 
on  cultnri-s  of  the  bacillus  of  typhoid  fever  than  an  electric  light  of  ft 
bnndred-candle  power  at  a  distance  of  a  meter  and  advanced  the  propo- 
sition that  the  efTcctn  on  the  hiicteria  art?  dnc  in  )iftrt  Ut  change*  brought 
aboQt  in  the  character  of  the  culture  media.  That  the  action  of  sun- 
light is  chemical,  is  shown  by  the  diiTcrenccs  In  the  capacity  of  the 

'  Vortmit  »ur  dcoi  Mlinlrn  iiitLTHiilinnnlcrn  mcdidniH^bcn  CimgreaM.',  ISM, 
'Ardiiv  riir  ny}ri*'in',  .\.\V,,  \<.  Ml. 
•  LVnlwlbliilt  tiir  Hnkti-rioIoKie,  V'llI,,  No.  H, 

'Annuli  ilcU' intlniio  (rigti-nc  ii|H.>ri  men  talc  dtlls  male  uiureriubi  di  Jlonu,  1L( 
Sarin  2,  p.  121. 
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<lifl(trt.-Dt  nys  fur  jinxltidng  rtsstilts,  the  iiltra-violrt  being  ondowcdl 
with  the  greatest  power. 

This  dinngv  in  tho  rhnniclcr  of  the  culture  iiicdiu  ha«  hrm  noti>d  alto  I 
by  Kriise,'  who  fouml  that  lir|uid  media, oootaining  complex  nitroj^novst 
siiWtnnoi^,  nrv  00  iilteretl  hy  the  iiilliieiioir  of  liglit  tliiit  they  lake  on 
antiseptie  properties  8^in>^t  the  bacteria,  noil  that  the  change  is  pro* 
portionate  In  the  intensity  ol'  the  lif^hl  am)  the  duration  of  the  exposure. 
It  is  directly  due  to  the  atmospheric  oxygen,  which,  ncoonlinK  to 
Momont,'  is  simply  assisted  by  the  lif^ht,  whioh  by  itself  wouhl  have 
hut  little  ctfcct.  But  it  is  nut  alone  thrDii};h  chnngcs  in  the  nti.illa  (hat 
bacteria  are  killed,  hut  through  changes  brought  about  within  them- 
selves us  well.  And,  indeed,  it  has  been  demonstmted  tlutt  not  alone 
bacteria,  but  their  toxins  also,  are  aflVoted.  According  to  Fermi  sod 
CSelli,*  tlw!  toxin  nf  tetanus,  diluted  with  distilled  water  and  exposed  to 
direct  suiilifcht  at  temperatureB  between  40  and  50°  C,  is  rendered 
inert  in  8  hours,  and  at  37°  V.,  in  15  hours.  In  dried  oondition,  it 
loses  its  power  after  4  hours. 

Moisture  and  accL-ss  of  air  are  also  important  factors,  as  has  beeo 
shown  by  Momuut,  who  found  that  anthrax  bacilli  tn  a  moist  state  were 
kilted  in  2.5  hours  with  free  acceiw  of  air  and  survived  over  50  hours 
when  air  was  cxcludc<l.  Dry  bacilli  were  killed  with  acovs»  of  sir  in 
5  hours ;  dry  Hporca,  exposed  in  glaiis  without  air,  were  virulent  after 
110  hours  and  proved  to  be  more  resistant  than  others  in  a  mobt 
state. 

The  mpidily  of  action  of  sunlight  is  iiifhieueeil  alno  by  the  num- 
ber of  bacteria  present — the  greater  the  number,  the  longer  the  tim* 
required  for  the  bactericidal  efTvct  to  l)e  instituted. 

The  sterilizing  tnllucnoc  of  sunlight  on  the  haetcrin  of  drinking 
water  and  sewage  has  been  demonstrated  by  Procaccini,  Buchner  and 
Minok,  and  othere  to  be  very  considerable,  espi-cinlly  at  ami  near 
the  surface.  Procaccini '  obtained  positive  results  at  a  depth  of  from 
26  to  30  wntimetf^rs.  Minok  and  Buchner'  found  that  water  uoo'^ 
taining  100,000  Jt.  coli  vommuni*  to  the  cubic  centimeter  was  ren- 
dered sterile  in  iiii  hour.  T\u-  bacilli  of  typhoid  fever  and  cholera, 
and  B.  pijnnjaneua  also  were  found  to  be  destroyed.  Cidlurw  of 
Batdllus  tif/thi,  ex[H>sed  at  a  deptli  of  about  5  feet,  were  slerilixed  id 
four  and  a-lialf  hours,  but  at  twice  that  distance  beneath  tlie  surfta 
the  action  virtually  ceased.  Buchner"  found,  further,  that  diffused  light 
has  a  stwiiig  inllu<:iiec,  even  as  late  tn  the  year  as  Niivcmlx-r,  on  B. 
co/j  cowimmiM  aud  It.  pt/oci/nneiu).  The  action  of  light  is  considerably 
interfered  with  by  panicles  in  suspension,  but  with  fairly  cU-ar  water 
th«  eCTccts  are  quite  perceptible  at  a  depth  of  about  6  feeL     The  action 

>Zmlsoliritl  fur  I{iritii^ni>  iind  Infcclionikmnkhoium,  \IX.,  p.  313. 
*Aiinal«>iIct'lTi«titiU  I'Mciir.  I»02,  |i.  i». 
>roiitrall>lnufiirniiku<riulii|rk-,  XII..  No,  18, 
'Aiinili  ik-ll' iciitulo  d'igiunc  nwriniciilalc  dolls  rcttle  univonita  d!  Bama,  IlL,] 
p. -137. 
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PHYSICAL  AGENTS. 

of  siiRlif;ht  on  Ijiirlpriii  tii  tlii.-  presence  uf  wiiier  itt  ticlipvcd  by  mtny  to 
be  due  to  ilie  [nvKluclion  of  hydro^n  |>eroii<Ie. 

The  obvious  ■liMidvonliigp)'  of  rolyiii);  ii|<<>ii  Htinli;;!)!  for  pnicticnl 
dieinfectioD  are  that  itA  supply  is  ()u!ti>  Impvoik)  control,  and  that,  even 
OD  the  brightest  ilnys,  it  is  iiii]M)7«ibli.'  to  iippi}'  it  lu  all  part«  of  a  lioiiM. 
Nevcrthpleee,  ilfi  bencliDeiit  action  may,  imilcr  favoring  conditions,  be 
taktii  oilviuitage  of  in  tliv  tn-atiiu-nl  nf  funiituns  hanjpngM,  and  dtico- 
rutioDs,  often  the  most  troublesomo  objects  to  disinrt.>ct,  etipocially-  in  n 
ciiuntry  pnn^tiw. 

Heat. — For  purposes  of  disinfection,  heat  is  employed  r»  "dry 
heal,"  I.  e.,  hot  air,  and  "moiHl  heat,"  i.  e..,  sttnni  and  lioiliiig  u'at«r. 
Stuim  is  employed  niKler  various  pressures  in  both  the  suturatu)  and 
superheated  condltionn.  In  botli  conditions  it  ia  acliially  dry,  although 
M  very  commonly  understood,  saturalod  steam  is  asMociiitcd  with  ttio 
idea  of  moisture.  "Wet"  steam  is  partially  condensed  saturated 
»tenm  and  eitiitntns  suspended  piir(icli~t  of  wiiHT.  The  leniiH'rtitur<-  lit 
which  steam  !a  formed  depends  upon  the  pressure ;  and  whatever  the 
temperature  and  prei^xurc,  as  ebullition  l>e);ini«  and  ])ro<.-«tds,  tiie  via,\xi 
is  maintained  at  that  temperature,  and  ts  constantly  converted  into 
steam,  in  which  the  heat  employed  tiecometi  latent.  Until  all  the 
water  has  become  converted,  the  resulting  steam  is  said  to  be  anluralnl, 
since  any  vajior  in  the  presence  of  the  liquid  from  which  it  originates 
and  in  tlicrmal  equilibrium  is  necessarily  6aturati-<l.  In  the  sutiiratvd 
state,  it  can  neither  do  work  by  expanmon  nor  be  cooled  witliout  un- 
dergoing luutial  condensation. 

When  saturated  steam  is  further  healed,  its  temperature  rises  and  it 
it)  then  known  tut  Kuprrhtitlfil ;  and  then,  having  a  t<.-ni{H.'rntnrc  higher 
than  the  condensing  point  corresponding  to  its  actual  density  and  vol- 
ume, it  can  be  oooled  and  can  do  work  by  ejcpan^ion  without  being 
eontlenscd.  When  very  nmcli  superheated,  it  behaves  more  and  more 
like  a  perfect  gas,  while  .saturated  steam  differs,  an  a  rule,  considerably 
iu  its  pro|RTties  from  u  perfect  pis.  If  wnter  at  the  temperature  of 
aaperheated  steam  he  mixed  with  the  latter,  some  of  it  will  be  vapo- 
rized and  taken  up;  but  mixed  with  satnniled  steam  iit  (he  same  tem- 
perature, no  such  action  will  occur. 

According  to  Hideal,'  the  tirHt  r<«'nr<led  experiments  in  the  HUTJiixing 
of  or^ranic  matter  by  the  application  of  heat  were  those  of  \eedham, 
made  prior  to  and  during  the  year  174.1,  and  the  fin>t  appticntion  of 
tbia  agent  to  disinfection  on  a  large  scale  was  made  in  ItS.'ll  by  Dr. 
Henry,  F.U,S,,  who  treated  Infected  clothing  with  hot  air  and  showed 
that  the  chttbing  of  scarlet  fever  patients,  subjected  to  a  tcni|>iTature  of 
200°  F.  for  two  to  four  hours-,  would  not  propagate  the  disease  if  worn 
by  otiicr  healthy  persons.  The  (irst  u«  of  ilircct  steam  as  a  disinfect- 
ant was  made  under  the  direction  of  Dr.  A.  X.  Bell,  U.S.X.,  in  the 
case  of  the  steamer  I'fxi'n  ami  Hchoouer  ,lfi'/i"/ifK,  which  were  infected 
with  yellow  fever  while  on  service  in  the  Mexican  war  in  184S. 
Kuowiugof  this  une  nod  iti<  ob:<ervi>d  rirsuits,  at  the  t^nurantine  and 
'  IMnlnfttclion  and  DloInrwUinU,  (.ondiin,  ISt)8,  p.  SO. 
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Stnitar^  Convention  held  in  Boeton,  Mass.,  in  June,  1860,tbecnB-] 
mittoi-  rvooD)im-f)iU-<l  thnt  "sliiiin  generators  niHl  «teiua  jacktU  orj 
vats  be  provided  for  the  di^infeclion  of  all  |M.'rsonal,  Iio^pital,  lal ' 
«hi[>'#  olotliiiig  imi)  iR-dding,  tngelltcr  with  »iicJi  iitht-r  iufected goods] 
or  things  as  may  properly  be  siibjectcd  to  high  etenm  heat." ' 

In  18B2,  «0(iiTrting  Ui'  Dr.  I-tell,  the  U.  S.  Transport  IMawart  w»j 
(liMnfectod  by  Etcatn  at  the  Xc-w  York  Qtiarnntinc  Station  ou  luvoDDtl 
of  yelkiw  fever,  this  being  the  first  disinfection  of  a  vessel  at  (kill 
StAtJon  am)  pmbubly  the  firet  iit  any  of  tin-  jtort  <[tla^antinl^s.  Aerari-J 
ing  to  the  same  autliority,  Commander  Ilalph  Cliandler  of  the  U.  S.S.J 
Don  from  Santa  (.*ru3i,  W.  I.,  re|Kirtcd  to  the  Navy  IV|)artmeDt 
his  vessel  had  been  infected  with  yellow  fever  in  its  worst  fona| 
cases  wiili  7  di-nlh^).  and  that  he  had  wioeetwfuUy  di^infeoltd  the  mrfl 
room  iind  berth  deck  by  means  of  steam.  He  n-oommemittl  litat  T»-j 
sels  destined  for  ttcrvioe  in  the  West  Indies  be  provided  with  i 
of  ^t^^^Hniing  the  lower  deeks  aud  holds. 

Dry  Heat. — Dry  heat  ia  much  leas  eSective  than  moist  heat,  w(B  i 
mueh  higher  ti'mpcrulnre*  and  witii  longer  exjxwtire.  Thus,  hoti 
at  300°  F,  requires  three  or  four  times  as  long  to  uocompiUh  tbt  i 
work  a^Mleam  at  212°  and  po8.ses.ws  the  additional  disadvanta^ofii 
jiiring  fabrics  and  other  objects  exposed  to  it.  ilosi  Gibrics  oft 
linen,  and  stilk  will  withstand  an  exjwsure  of  several  houre  to  ilr 
heat  tit  2.30°  F.,  but  beyond  this  point,  evidenre  of  imjaire<l  ten 
strength  is  soon  ui!inif.=sted.  Even  at  302°  F.  (150*=  C.),drjl«ii' 
found  by  Koch  and  WoKThiJgel*  to  be  not  always  effective,  eveai 
two  hours,  while  boiling  water  and  streaming  steam  at  212°  F. ' 
fnnnd  to  produce  the  doaired  result.i  in  a  very  jdiort  time.  0*iiigl 
its  Inck  of  penetrating  power,  dry  licnt  is,  moreover,  only  a  surface  i 
infectanl,  unless  niciinw  are  employwi  for  the  withdrawal  of  the  coU  i 
held  in  the  interstices  of  fubrius  and  within  their  folds.  On  acopo 
of  its  inferiority  to  steam  and  il«  aptness  to  injure  fiU)rio8,  it  is ) 
but  little  employed  as  ii  disinfeotaiit. 

Steam. — Although  steam  bad  been  recommended  *ad  osed  for 
po^ea  of  disinflvtion  as  early  as  184)),  and  although  Paateur,  T7 
Ouhn,  and  others  hud  demonstrated  in  a  number  of  extensive  «ae 
Investigations  the  slcrilizing  action  of  moist  heat  on  putrefiwtive  I 
teria  and  other  miero-orgnnism*  and  Tyndiill  had  i^hown  the 
of  disountinnous  Iralling  for  the  sterilization  of  s]mre- bearers,  tbtl 
in%'eatigation  of  the  action  of  st<'ani  on  the  vitalily  of  the  bucteriit 
elated  with  infective  diseases  was  that  conducted  hv  Koch,  Wolfl^ 
and  their  associates,  the  results  of  which  were  published  in  1)^81.    Tb 
demonstrated  tJie  very  great  superiority  of  steum  over  much  holieri 
and  showed  (hut  the  most  resistant  spores  are  destmvetl  within  a  f 
minutes.     They  studied  its  effectH  ou  the  different   kinds  of 
such  as  clothing,  bedding,  furniture,  and  other  objects,  which  inMoit 
prnctioe  may  require  to  be  disinfected,  allowed  ito  applicability  liK 
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Iirait«<l  iiuniher,  stxioh  oa  fam,  leather,  and  veneeiwd  furni- 
aoti   1«1  the  way  to  tW  invtallutJoii  of  public  diHiufecliug  pluiits 
br  muQiripalities,  hMpitaJ-s,  aiiil  (]iiarantine  ■ilatinii!). 

A  variety  uf  ap(uinilui>c«,  both  tixL-d  am)  [wrUibIc,  )iavv  b«en  dcvi:^>d, 
lol  their  Uine  »  steadily  on  the  iacrea^e  not  alone  in  large  oommunities, 
but,  «pocial!_v  in  Kiirri|H'.  in  liiinly  si-tllwl  diKirictv  as  well.  For  the 
^Mcer,  the  portable  appuRttUs  on  wheels  is  eipeciallr  adapted,  for  it  is 
ihiTond  thf;  liiiiittt  of  ruft.'son  to  <-xp(?ct  sinnll  towiix  in  which,  {H-rhii]>a, 
lldectiTe  diseases  of  the  kinds  (hat  call  for  thorough  disinfection  are 
nljr  occo^onal  visitors,  to  eitlAhlinti  mid  maintain  jiuhlic  stationH, 
I  lAems  a  Dumber  of  ^uch  communities  may  have  joint  ownership  in  u 
Ipuble  machine  which  can  be  denjiatched  on  demand  to  the  point 
lierv  iU  »cr%'t<M»  ure  rvqiiircd. 

The  ^nenil  plan  of  the  stationary  and  portable  machines  is  essen- 
ifcUr  the  Ninie.  Tliey  coiuUt  of  one  or  mon;  dmmlx'rs  of  KiifDcicnt 
toe  to  aidmit  objects  as  lar^  as  or  lai^er  than  a  rolled  mattress,  and 
abniler  fur  ttio  gi'iicmlion  of  .'<[i.-iim,  whioh  is  admitted  throngh  pipes 
MntrollMl  by  valves.  The  most  approved  machines  are  so  constructed 
Am,  aAer  the  objects  have  been  introduced  and  the  doors  closed,  the 
edotaiued  uir  c;in  bu  withdrawn  and  a  partial  vuonura  of  nbout  *20 
lUtes  prodncied,  the  object  of  whicli  will  be  explained  later.  This  ia 
IWst  pnxlucwl  throngh  the  njjcncy  of  «  steam  jt^t  nitlicr  than  by  a 
'pinp,  since  the  latter  is  much  slower  in  achieving  the  same  result  and 
£Sertt  no  disinfecting  action  on  the  jrerrns  liiiit  arc  contained  in  the  air 
vilhdrawD.  The  best  niacbiiies  are  also  provided  with  a  steam  jacket, 
wbich  a.'ttures  »  more  nniform  diffusion  of  heat  in  the  chanil>er  walls 
a  lessened  opportunity  for  condensation,  and  ii  non-conducting 
casing  of  asbestos  or  asl>estos< magnesia  comi>nsition  to  prevent 
heat, 
le  apparatus  in  use  at  the  New  York  Quarantine  Station  may  he 
u  s  ty|>e  of  the  m<wt  approved  constniotion.  It  consiitlB  of  a 
of  steel,  the  inside  dimensions  of  which  are  4  feet  by  H  feet 
ie«  by  7  feet  2  inches,  with  an  outer  shell  of  the  same  raatvrial 
n  intervening  lipitce  of  2  inches.  The  outer  shell  is  encoeed  in 
r  of  asbestos- magnesia,  1.5  inches  in  thickness,  for  the  prevention 
of  heat.  At  each  end  i«  a  door,  made  to  fit  air-tight,  swung 
crane,  and  fastened  to  the  chamber  by  means  of  turn-buckles. 
in  the  ehamlxT  is  a  movubb'  truck  bo  arningcd  that  the  car, 
of  1.5-inch  angle-iron  and  Ko.  G  galvanized  iron  netting,  for 
ion  of  articles  to  be  disinfected  can  be  withdrawn  at  citJier 


steam  fmcn  the  boiler  enters  the  chamlier  through  a  2..'i-inoh 
aprcs^urcof  Mi  pounds  to  the  sqiiurc  inch  or  at  such  other 
■re  aa  may  be  desired.    By  meansof  a  steam  exhauster,  controlled 
Ives,  «  vacuum  can  be  produci-d   in  one  minute  cither  in   the 
ibcr  or  in  the  space  between  the  two  steel  shells.      A  fresh-air  in- 
,  eoDeiiiting  of  a  l..')-tncJi  pipe  |irovi<)ed  with  a  valve  by  which  it  is 
and  closed,  and  with  a  fine  brass  netting  for  the  exclusion  of 
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matu^ra  wliicli  oUiermae  mtgbt  gain  entrance,  ooonects  the  cbamtwnt] 
its  upper  purt  willi  the  oxt«rn*3  «ir. 

The  apparatus  is  so  disposed  that  the  two  ends  of  tlie  dumber  oprnl 
into  roomtt  hnving  no  oonimuniojilioii  witli  each  olher,  uno  Uiiig  forj 
the  reception  of  infected  articles  and  the  other  for  their  delJvcn'  il) 
they  have  been  di.4in footed.'     The  articles  to  be  treated  are  pia«d  in 
the  car  in  the  special  room  for  their  recTpt.ion,  the  (lour  is  titrn  bnlCedJ 
and  a  vaeiium  of  21)  inches  la  obtained  by  the  steam  exhauster.     Thi| 
removes  the  air  frwin  tJie  chamber  nnd  iiliw  ihe  air  nml  innisture  fw 
the  material  to  be  treated,  which,  forming  a  cushion,  would  prot 
the  proper  entranec  of  tlie  st«aiit.     Steam  i»  then  lulmitted  very  rapidlj 
and  a  temperature  of  230**  to  240°  F.  is  attained  within  thrworf 
minuter.     After   Li  minutes'  ex[K»iire,  the  steam  exhauster  is 
brou);ht  into  pluy  and  a  viu-uum  of  20  inches  is  again  wciinvl 
fresh-air  inlet  is  then  opened,  and  a  current  of  air  is  drawn  iLroug 
the  cliamlx'r  and  its  contents  by  mean:*  of  the  i>teiun  exluiusti-r  for  eig 
or  ten  minutes.     The  door  communicating  with  llw  second  nwio 
tfaoD  opened  and  l!ie  an,ieles  nre  reniovKl,  unmlhH),  and  exposed  fw 
three  or  four  minutes,  at  the  expimtion  of  which  time  tJieysrci 
pletely  dn,'  and  can  be  taken  away. 

Aooording  to  Dr.  Doty,  "  The  degree  of  improvement  in  (lie  dryis 
proce«8,  which  i»  the  result  of  the  combined  action  of  the  steam  ei^ 
Lauster  and  the  fresh-air  inlet,  can  only  l»e  appreciated  by  one  wbo  I 
wailed  two  or  three  hours  or  more  for  this  same  result.  ' 
import^ince  of  the  rapidity  with  wliieh  tlii.t  work  is  now  performed ! 
the  material  dried  is  especially  appreciated  in  the  treatment  iiC  miU' 
in  which  a  letter  unsealed  or  ]iartly  unsealed  is  very  rarely,  and  witf 
the  superscription  afToctcd  is  never,  found.  This  satisfaetor}*  rc^ti| 
due  to  iJie  nipid  iidinn  of  the  heat,  the  rapid  drying,  and  ll»  pp 
tion  of  the  spreading  of  the  ink  and  of  the  uiM-aiing  of  the 

The  value  of  the  \-acuum  in  steam  disinfection  lies  in  the  fsct 
confined  nir  in  the  eham1)er  caiiM-s  great  delay  in  the  atiainnii-m  of  I 
desired  temperature  and  interferes  much  with  the  jienctratinj;  nrtinni 
the  steam.     In  Doty's  ex|M-riments  with  and  without  the  a.sMstano- ' 
the  vacuum,  self-repstcring  thermometers,  plncwl  witliin  packagse 
newsjiapers,  sheets,  blankets,  and  nigs,  showed  differences  ranging  I 
nothing  to  a  hundred  degrety*  (F.)  after  three  niinuKw'  exposare, 
higher  t'i'mperiitiire  in  each  ease  being  reached  in  the  experiment 
vactium,  and  the  smaller  difference's  oornrring  wlien  the  arlicJea 
loosely  wrap|R-(l.     With  longer  exposure,  the  differences  were  coiwid 
ably  smaller. 

When  no  applian<H>  (or  securing  a  vacuum  is  a  purt  of  a  sttut 
infector,  iJn-  contained  air  may  be  driven  out  through  a  vent  i 
by  a  valve  which  is  openivl  fur  a  lime,  while  tJie  steam  u  bdaff  i 
mitted,  and  tlien  ciosc<]. 

'The  rnrcgrflnt;  il^vvriiit!-]!)  of   thi?  npparatua  mitl   the  followlat  twmrt  ^^^ 
method  oT  operalluii  kk  abMnKteit  from  Anumhly  dot^mtnt  No.  M,  ■■  DU^mAAI 
■■■  -Dr.  A.  U.  Doty,  Hcalih  Officer  of  the  I'oH  of  New  Yotk. 
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Anothor  pAutI  in  Civor  of  the  vactiiim  U  the  leasencfl  opportiiDUy 
for  comJonralion  of  tlic  sU'am  iii  the  interior  of  biiiultc)>  nml  Jri  th« 
iuterstiofts  of  fabrics.  It  hiis  be*n  found  to  l>e  advantageous  to  fill  the 
chsinbLT  several  limvs  lit  ifhurt  inti.-rvuU  with  a  fre«li  chitr)^  of  i^tciinir 
uud  when  the  vacuum  appliance  ia  at  liaiid,  the  time  required  for  thia 
ficrics  of  opi-nitionis  ii^  iiiateriiilly  Wiifnc'd. 

The  peiieirating  power  of  steam  is  greatlv  dei>endent  upon  the 
ninuuiit  of  pressure;  the  lower  the  prt-ssiire,  iIk?  Icsn  the  |ic  net  ration. 
Wiih  machines  in  which  low  pressure  atcam — a  pound  or  two,  for 
in»Ianci^ — is  eiiiployfil,  peiii^tration  is,  therefore,  ven-  slow  and  wn- 
oertain,  and  when  bulky  tirticleic,  sueli  as  rolled  earpeta  and  bedding, 
are  ir«-at«l,  the  results  an-  quite  likely  to  lie  unsatifefaetory.  For  such 
articles,  it  is  genenilly  iiiireeil  that  u  pressure  of  at  loLst  20  jrauuds 
ia  none  too  great.  With  whatever  presiiure  employed,  |»cnetratioii  can 
be  muoh  nMiatc<l  by  arrangiii^^  the  contents  of  the  chamber  no  that  too 
solid  packing  is  avoided.  Thia  is  secured  by  the  interposition  of 
wiHHieii  "luti^  and  gratinpt  which  leave  »pnc(^^  between  the  diftercitt 
layers,  through  which  the  steam  is  more  readily  distributed. 

With  low  preiMurc  iiteam,  cimdensatiim  \»  iiiudi  more  likely  to  be 
troublesome  than  when  high  pre^urcs  are  employed,  but  ordinarily 
even  then  but  little,  if  any,  injury  is  ^iulFcrcd  by  even  the  moft  delicate 
fabrice,  beyond  a  i^light  impairment  of  gloss  or  the  imparting  of  a  slight 
yellowi.sh  tinge. 

In  the  iirrangcment  of  pidi-  ^"'-  ^'- 

lic  disinfecting  stationa,  it  le 
e«wM)liul  that  infected  and 
disinfected  articles  shall  be 
kept  ntrielly  apart  and  tbnt 
means  shall  be  at  hand  for  the 
pm|K-r  treatment  of  articlca 
not  suited  to  disinfection  by 
isteani.  As  an  example  of 
simple,  con%'enient,  ami  efTi- 
oient  arrangement,  may  be 
atid  the  firpt  pubhc  .station 
installetl  in  Rerlin,  the  ground 
plan  uf  which  ix  nhown  in  Fig. 
91,'  Here  the  infected  nrti- 
cles  are  unloaded  at  the  plat- 
form /.  and  stored  in  the  room 
J,  from  which  they  are  carried 
into  the  room  (t„  between 
whidi  and  the  room  fi,,  the 
steam  disinfeclf'jrs  are  installed.  They  are  loaded  into  the  trucks  b,  b,  b, 
which  are  pushed  into  the  steam  chambers  a,  a,  a,  the  doora  of  which 
•re  then  necurcly  closed.     Steimi  is  admitted  from  the  boilers  in  room 

'Taken  from  H.  Mt'rl(u'>i(l«Bi:ri|ilioii  in  Vicrlcljohraiclmft  fQr  (terichtlichc  Mcdietn 
and  CdTwUliclKv  SnmUtiH'fxcn,  XI.V.,  p.  137. 
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B,  and  afWr  the  proper  intrn-al  of  tiiD«,  the  doors  of  tlif  chBiaWfil 
opening  into  the  room  (i^  are  opened  atid  the  trucks  withdmvD. 

The  dii<infi.i-iv<l  iirtirlc»  an- >viiiov<mI  and  earrliil  into  Ui«  ^reroav] 
.1,  from  which  ihe^  are  seat  to  th«  platform  M  for  KhipmeDl,  in  i\ 
vaffaas,  Itaok  to  ll>^r  owners.  A  i»  tt  repair  shop  and  storeroom  fori 
coal,  Cand  D  arc  bathrooms  and  wutcr-closct«  for  the  atteudante,  i 
E  i^a,  storeroom  for  oIiemicaLi.  No  oommuntcatiou  whate^'er  exitta] 
bchvcvn  the  room«  in  which  the  inft^'ctcd  mid  di»infcct«d  artidui 
Sloped,  nor  between  fi,  and  fr,  except  through  the  steam  chainbets,  I 
do<ir»  of  vrhidi  arc  never  o;K-nu(l  at  l>olh  cnd^  at  tJic  same  lime.  Ibj 
vfork  is  directed  by  telephone  from  the  office  A',  which  is  oonplettlf  j 
shut  olT  from  //  and  J,  a  full  view  of  which  is  obiainol  thrt>agli| 
windows  lierractically  scaled. 

li^leam  di.iiiiftHnorji  are  used  extensively  for  pnrpoiies  oilier  iliaathej 
destruction  of  diwaac  ^rms ;  they  are  most  useful  for  ronovating  I 
dii^  and  in  the  treatment  of  clothing  infested  with  lioe,  wbidi ' 
their  cggv  arc  quickly  killed  by  »t«am  at  aiiy  pretwurc. 

BoilUiK  Wat«r. — Articles  not   injuriously  atfected  by  boiling; 
may  be  most  cnuvtnicntly'ii.'^infwte'l  in  the  lnHiseliold  by  Ix^ingl 
for  a  half  hour.    This  suffices  to  kill  alt  varieties  of  bact«ria  ml  i 
taoii  resistant  ttporeii  of  pathogens ;  in  fact,  all  organi»nu  excepting  I 
spores  of  a  number  of  nun -pathogenic  bacteria  which  ar«  not  dc 
even  at\er  very  jirolonged  IwilJng.     This  method  is  particularly  i 
aptiMl  to  bed  linen  and  body  liuen  mid,  in  sliort,  to  nil  wai^lkablc  fai 
cxoept  woolena.     It  has  the  disadvantage  of  fixing  stains  so  that  I 
beoome  more  or  Ic**  iwrmanent ;  therefore,  sheets,  night  dro«Ms,i 
other  articles  stained  n-ith  blood  or  excreta  should  have  a  prelimii 
Goa)<in^  in  mid  watt-r  m  thai  tlie  !<[>ot!t  may  be  removed. 

Oold. — Although  cold  is  a  very  efficient  antiseptic,  but  not 
monly  cla-ssed  as  a  disinfectant,  it  appears  to  have  some  destnKtin| 
power  over  certain  pHthugcnic  bacteria,  but  none  wliatcvcr  overt 
tain  others,  even  when    extremely  low  temperatures  are  employi 
During  tiic  choli'-ra  epidi-inic  in  (iiTmaiiy  in  ihe  winter  of  1892- 
Uflclmann,'  experimenting  with  cholera  bacilli,  concluded  that 
bsvo  conHiderable  power  In  withstand  oold  for  periods  varying ' 
the  temperature.     Renk*  placed  the  limit  of  endurance  in  ioc  it  I 
days.      Inoculated  water,  containing  f)2U,000  bacilli,  waa  froBM 
—  d.ti'*  C.  and   kept  at  that  U-nipeniture  for  39  hours;  tlic  ice 
then  melted  and  tested,  and  the  results  were  negative.     Water 
riotily  inoculated  and  kept  for  a  day  in  a  freezing  mixture  of  ice  nil 
wilt  yielded  negative  results.     Still  richer  water^  eonlainitig  couu  ' 
bacteria,  was  frozen,  and  after  48  hours  yielded  24,400  to  thecuMoj 
centimeter,  and  iini-r  !((!  liour<  gave  12  negative  results.     Id  olherO-l 
jH'riinents  in  which  freezing  was  iutcrrnpted,  no  organUou  were  f«uD 
after  six  and  seven  days. 

The  typhiiid  orsani«nt,  as  is  well  known,  can  survive  the  action  ( 

lUini«!i^'  Woe liMiwli rift.  1893,  No.  7. 
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for  a  lonn  timtf.  This  wss  irell  ahown  iii  (be  experienf«  of  Ply- 
BOuth,  Pa.,  where,  in  ISft.'i,  a  mwl  devn.«1iitiiig  v]>iii<'iiiio  mn-iim-d  af'Ksr 
be  thawing  oat  of  un  nccumulntion  of  typhoid  excreta  Httinted  near  a 
look  which  supplied  Uio  towii  with  drinking  water.  (See  page  'M>b.) 
ffeoddeii '  hss  shown  thai  the  typhoid  hucilliis  can  withstand  freezing 
fcmperaiurefi  for  do  Icm  than  \M  davH,  hut  tliat  alternate  freezing  ana 
hawing  ciiiinol  luiif;  Ix-  withstood). 

ion-flporalatiiig  anthrax  haeilli  have  but  little  reaiatanoe  to  freez- 

;  tempemtiires  and  are  vt-ry  t^nickly  kilk-d,  hut  the  j^iwros  have  lieen 

by  Frankland,  Pictet,  and  othere  to  be  not  affected  by  repeate<l 

ing  and  thawing.     Novy*  fomid  tlmt  a  tern  [K'ra  tun-  of—  tO"  C. 

iret-  days  was  infiuflicient  to  destroy  the  vitality  of  Sanarelli'» 

Iltin  ieitroitlfti,  and  it  has  long  hee«  known  that,  nhhoiigh  epidemics 

fellow  fever  arc  checked  witli  the  appearance  of  frost,  the  eiiuftc, 

or  not  If.  ieteroiden,  has  sufficient  retiifltance  to  withstand  the 

'  northern  and  even  A  relic  winters  and  show  iindiminifhed  vigor 

eing  rtcoiiveyed  lo  warm  climates. 

iic  exeeiHlingly  low  tcinjieraiure  of  li<inid  air,  —  312°  V.,  appears  t" 

;  no  effect  on  oi^anisms  subjected  to  it  for  short  periods.     Kaven«l  ^ 

ened  tulk  threadH,  U-aring  anthrax  spores,  H.  yiwliyioHu^,  H.  ty- 

and  B.  fliphtkrrirr,  in  li<juid  air  for  varying  periods  and  then 

Bted  thein  in  bouillon.     Not  only  were  the  bacteria  not  killed,  but 

growth  wiw  in  no  way  inhibited,  in ulti plication  being  in  every  i«- 

I  as  rapid  and  vigorous  as  with  the  contn>ls.     The  anthrax  spores 

rexpii«M  m  lung  a»  3  houns  but  the  diphtheria  orgnntHm  no  lunger 

30  minutes  and  the  other  two  forms  not  over  an  hour. 

Ill  mur«  eoneiusive  an-  the  experimcnl:<  nf  Maefailyt-ti  iind   Row- 

,  *  who  subjected  broth  cmulsiona  of  K.  l)/pboitun,  B.  mil  i-omiimnii; 

firria,  H.  proUuM  vuli/nrif,  B.  acUli  lartiri,  Sji.  chnleiui  AKUitictie, 

hylofocev*  pf/oijenef  auratg,  B.  aniJiracu  (sporii luting),  B.  phivplui- 

»,  a  sarcina,  a  sacchnromyces,  and  unstcrilized  milk,  hermetically 

in  fine  quills,  lo  the  re  frige  rating  influence  of  liquid  <iir  fur  sw-s-en 

At  the  end  of  this  time,  the  quills  were  withdrawn  and  allowed 

w.     Culturt.-  cxjx-rimentM  prov<-d  that  tiie  vitality  of  the  various 

irgaoisms  was  in  no  way  impaired,     £very  species  grew  well, 

ilintogeuic  Ixavteria  grew  and  emitted  light,  and  th«  milk  became 

CHEMIOAL  AQENTS. 

U.it  of  sub-itancies  falling  under  tlie  head  of  chemical  disinfcet- 

is  very  long  and  includes  a  wide  variety  of  organic  and  inorganic 

■pounds,  some  of  which  arc  gases,  some  li([uid»,  and  ottiera  soluble 

Whil«  it  i*  very  long — for  almost  any  chemical  siibataiice  pos- 

ander  one  condition  or  another  a  certain  degree  of  biiet<'rioida! 

r — llw  number  of  agents  which  may  be  regarded  as  trustworthy  in 

•  M«ii«iJ  Rfcord,  March  2C,  1887. 
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aotua]  geneml  pnotioc  is  exceeding  small.     Many  «>u)>«tAticm  whi 
have  a  bigfa  reputation  for  eBictcMicy  arc  round  to  bo  Kctually  wurtfalew 
when  ftntijectea  to  modern  methods  of  testing,  and  others  which  yield 
promisin);  results  in  thv  laboratory  arc  often  found  to  fail  when  nsed 
under  the  ccindition.-«  which  obtain  in  practice. 

The  undeserved  reputution  of  inuny  prepitrntton*  is  basMl  whoHj  ^y 
upon  the  apparent  influence  which  they  have  exerted  in  limiting  tbe^f 
sproud  of  infcotiou.'i  diseases,  and  it  lias  not  been  impaired  by  unex-  ^1 

Eilainable  failure  to  accomplieb  the  eamo  result  at  other  times.  An  out- 
n-eak  of  an  infeotiouA  ditieaAe  occuni,  for  example,  in  a  bixtrding-iu-hool, 
and  during  it«  cootinuaucc  a  number  of  bottler  of  some  proprietary 
preparation  are  uned ;  no  fiirther  cases  are  reported,  and  tJte  credit  is 
given  to  the  disinfectant.  8ix  inontlix  later,  perhaps,  another  outbreak 
occurs,  and  in  spite  of  the  use  of  the  same  agent  it  spreads  and  tl« 
Biilujol  i«  cUwd ;  this  re.*ult  if  not  (-hiirged  on  the  other  side  of  the 
aocouut,  but  to  the  inscrutible  ways  of  Proridence,  and  the  fame  of  the 
diMnfcclant  is  in  no  wiiy  injured.  In  many  instance^!,  strength  and 
peculiarity  of  odor  are  the  only  qualities  noce¥«ar>'  for  the  building 
up  of  a  reputation  for  ctlioieui-y,  for  man  is  wont  to  attribute  potent 
properties  to  unuKunI  things. 

Uany  substances  have  undoubted  germicidal  power  over  certain 
forma  of  bacteria  and  are  quite  inert  against  otliers;  some  will  till 
every  known  form  under  some  conditions,  and  yet  may  wholly  fail  ta^H 
affect  biicteriii  of  slight  n^'si^tiiig  jHtwer  |)rotect4Ml  by  mucus  or  other^H 
matter,  or  may  eveu  be  rendered  inert  almost  immediately  by  chemical 
union  with  :tomc  other  substance  arcidciitally  pre.'ent. 

Chemical  disinfectants  act  in  various  waj-s  to  bring  about  the  de- 
struction of  Wotvria.  Some  act  directly  upon  the  bacterial  prolopIaHD 
and  caiiw  its  coagulation  ;  some  bring  about  changes  tn  reaction  favor- 
able to  life  and  growth ;  some  destroy  nutritive  material  by  chemical 
change  :  some  take  up  all  the  ax-ailuble  oxygen,  thus  becoming  them* 
selves  changed  in  character  while  depriving  the  bacteria  of  an  essen- 
tial element ;  and  others  bring  in  such  an  excess  of  this  same  I'lemcnt 
that  the  bacteria  cannot  withstand  its  action.  Some  even  stimulate 
mnltipliiiitioo  and  thus  act  only  indirectly  by  promoting  the  fonuatiua 
of  organic  compounds  which  exert  a  destructive  influence  upon  the 
organism.i  by  which  they  have  lieen  produced.  The  disinfectant  power 
of  many  of  the  metallic  salts  depends  partly  upon  the  nature  of  the 
solvent. 

I)ifl\>reut  agents  prxKluoe  their  best  results  in  different  degrees  of 
coucentration ;  thus,  while  one  may  be  efficient  in  o-per-cent.  solution, 
another  may  act  cpially  well  or  better  in  0. 1 0-per-ocnt  solution  or 
even  less.  Some  agents,  as,  for  instance,  alcohol,  are  most  bactericidal 
at  some  one  point  of  c^mecnlrution,  and  above  and  IhjIow  this  the 
property  progressively  diminishes.  In  applying  any  agent  whose  beat 
working  strength  i.t  known,  it  muHt  lie  borne  in  mind  that  it  is  not 
enough  to  use  a  small  volume  of  solution  of  that  particular  strength, 
but  that  tJie  substanoe  itself  mu.Ht  be  employed  in  such  an  amount  tliat 
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il  fthall  bt'  ppe«eiit  Uiixnighnul  the  wlioli-  miutj'  in  llii>  proportion  n-- 
quired.  Thus,  an  i^cnt  wliich  is  cScctivG  in  ti-pcr-c^nt.  solution  can- 
not he  twcd  in  timt  fltrt'ngtli  In  di^infot^t  nil  t'(]iml  hulk  of  inft^ctivc  mii- 
l£ri«l,  fiince  tlie  mixture  would  then  contain  but  1  per  cent. 

Non-Metallic  Elements  and  Their  Oompoonds. 

Oxygen. — Tin-  ili^infitiUml  prupcrly  <)f  piirt-  uir  Ih  <liie  lo  its  oxy^a, 
whieli  attacks  organic  matter  under  favorable  conditionh  and  convert* 
it  in  great  piirl  to  tairboii  dioxide  and  WBtt-r,  Prolonged  iieriition  is 
rightJy  regarded  as  a  valuable  ai^iHtanl  in  disinfection,  but  il  muflt  nut 
be  overlooked  lliat  wben  infected  objects  nrc  ex])o»cd  to  moving  cur- 
rente  of  outdoor  air,  tbcy  arc  also  snbiected  to  the  powerful  influence 
of  the  vlivmical  ravii  of  .lunlighl  and  to  thi?  poitHibility  of  dmiecitlion. 
Ozygvn  ncte  most  pow<^'rftilly  in  the  tiuscent  state,  as  wben  liiieratcd 
from  ctini[>ound8  whose  decomposition  results  in  the  e!<oji|>e  nf  the  gii.t 
in  (hv  free  condition.  Among  tlie«.-  eompuundii,  uxone,  the  allotrupic 
form  of  oxygen,  containing  in  each  molocule  three  atoms  instead  of  two, 
nitd  hydnigi^-n  |(eriixide  may  In-  »K'iiti()ni'il  a*  conKiiit^uuus  eximiplei^  of 
oxidizing  agents  which  part  very  readily  with  the  loosely  held  oleinent. 

Oxone,  in  tii<^  miniitt^  amount.-*  in  which  it  cxint^  nunnnlly  in  uir,  can 
hardly  be  regnnlcd  as  iin  Important  influcnco  in  practical  disinfection. 
l*rodu<;t'd  nrtiticially  by  mrans  of  ihi*  .lilent  clectrit!  diwcbarge,  if  is 
found  to  be  pot>M-ssed  of  marked  baclcricidal  power  and  has  been 
highly  rtKTommendiil  for  special  work,  i>articularly  in  ihe  .tlerilixiition 
of  drinking  water.  The  researches  uf  a  number  of  investigators  have 
demonstrated  that  dry  bacteria  are  not  niucb  aflected  by  dry  ozone,  but 
tliat  in  a  moist  cun<litiu])  they  arc  (jiiiekly  dcstroycil  by  ^niall  umounis, 

Krukowltdch,  <juoled  by  Kowalkowsky,'  experimeniing,  in  Istfi, 
with  iMitrefactive  lMiel<^^ria,  found  lliiit  ;j  mJllignitiiis  of  ozone  ptT  cubic 
meter  of  air  killed  fresh  bacteria,  exjjoscd  on  paiwr,  within  an  hour, 
iitid  8  millignitns  jkt  cubic  mitter  xulficcd  to  destroy  the  dried  organ- 
isms. Later  (IS»^<),  lyukaschcwilsch,  experimenting  with  /{.  jr«6- 
Ww,  H.  aiUhi'tuni,  -S/i.  ehulaii-  Anintinc,  and  certain  pnlrefaclive  Imic- 
tflria,  obtained  resiilti!^  which  wre  lvt»  fiivonible,  but  in  ngreement  la 
•0  far  as  they  demon-^trated  the  relatively  slower  action  exerted  on  dry 
bacteria.  Spores  of  ^.  Wj/i'/m  aii<i  U.  unlhnieU  in  a  drj- state  wore 
wnaffected  by  !.■'>*>  grams  of  ozone  |>er  cubic  meter,  and  the  comma 
bnalbis,  in  a  moist  eondilioii,  wa»  not  alFoct^fl  until  nfter  16  houre' 
exposure  to  the  same  atmosphere, 

Ohimilllcr' employed  a  nine.h  grt-ater  tttrciigth,  imniely,  l.'>  grams 
to  the  cubic  meter,  and  conducted  the  air  through  distilled  water,  in 
whioli  his  l)act<Tia  were  sa-ijiended.  Water  containing  anilirnx  siwres 
was  sterilized  in  10  minutes  by  ^'.HM  niilligrutns  of  ozone,  and  coa- 
taiiiing  millions  of  typhoid  and  choleni  germs  to  the  cubic  centimeter, 
in  2  minutut  by  loss  than  20  milligmm».     River  water  and  sewage 
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were  found  to  be  much  Iirss  ciwily  ^ffvcted,  but  wiilt  (tuly  cooderate  pol 
lution  it  Dppvnred  probable  that  in  ozone  might  be  found  s  cheap  nu< 
e£Bcient  meiiDH  of  piirifyin}!  drinking  wiitcr.  l^tcr  on,  a  number  o: 
prooet«-teH  were  devised  tor  this  purjmse  and  carried  out  on  a  large  rwale. 

Hydrogen  peroxide,  HjO,,  is  quit*  siiibli-  in  thfl  prcscnct*  of  twine 
sub.iiaiicu!i,  but  gives  up  its  looeelv  combined  atom  of  oxygen  vtry 
readily  to  uthcnt.  It  '\*  u  powerful,  odnrlcNi*  nxidixing  agent,  pre- 
pared by  Uie  action  of  dilute  sulphuric  acid  on  barium  peroxide.  It  ii 
dc^lniclive  of  liactcria,  but  ba.4  no  aolioit  on  the  eniEyme^  of  the  digest- 
ive juicei  and  in  dilute  form  is  neither  poinonous  nor  irritant  in  the 
human  ttyalem.  ^^ 

According  to  Altchofer/  in  the  proportion  of  one  pari  in  n  tliouMn^^H 
of  water  containing  the  organisms  of  cholera  and  typhoid  fever,  it  pro-^^ 
duces  sterility  within  2-1  lioun*.     In  l-per-conu  ttolution,  aocoriUiig  to 
Truugott,'  the  bacilli  of  diphtheria  and  typhoid  fever  nre  killed  in  h 
minulcs,  the  oi^ininms  of  eryitipida."*  and  clintera  In  '1  uiinutua,  Slrfpli' 
voceiw  pyogfnf*  in  10  minutes,  and  Staph ii/ocikvih  pyoymes  aurau  in 
fr»ni  la  to  30  miuuteit.     With  half  thin  niivngth,  Ihc-lyplmid  organitm 
and  Sfn-jAomcrun  iiyiujnii-n  arc  dettroycd  with  equal  promptncM,  the 
cholera  and  erysijielas  nrganiftms  in  5  iiiiiiute^,  the  bacilluD  of  dipU- 
thcriu  ill  1-^,  and  Slnphi/looccuji  pi/ogcnf»  iiurm«  in  an  hour.     It  ia  bo- 
lieved  by  many  that  the  bactericidal  effect  of  sunlight  on  organisms  ta 
surface- wat^ni  is  due  to  the  hydrogen  peroxide  pro<hi«ed  through  I 
influence. 

Ohlorine,  lioth  in  the  fr<-e  gnneouA  condition  and  in  s<)Iiit!on  in  water, 
has  very  powerful  disinfectant  and  deodorant  properties.     It  deoom- 
\iosufA  the  offensive  gaseous  prmluet^  of  putrefaction,  such  u  aininonii 
and  sulphuretted  hydrogen,  nud  in  the  presence  of  muislure  unites  with 
hydrogen,  thus  liberating  oxyj^jen  in  the  nascent  state,  which  is  thereby 
enabled  tfi  exert  its  power  nguinsl  organic  matter.      In  the  dry  state, 
ita  disinfectant  action  on  dry  matter  is  but  slight  and  highly  unreli-^^ 
able,  but  in  the  presence  of  «  reasonable  degree  of  atniospheric  mois-^H 
ture,  its  effect  on  organic  matter  is  very  considerable,  as  i»  shown  by  its  ^i 
bleaching  lU'tion  on  dyed  fabrics. 

The  exiiaiistivo  research  of  Fischer  and  Proskauer'  demonstrated, 
however,  that  chlorine  as  a  fumigating  agi-nt  ia  untrustworthy  and  that 
it«  application  is  attended  by  serious  disivl vantages.  The  teal  objects 
employed  embraced  a  somewhat  wide  variety  of  pathogenic  and  non- 
pathogenic organisms  and  were  expi>se<l  under  different  conditions  of 
moisture  and  dryness  for  varying  periods  of  time  and  to  varying  [ler- 
centuges  of  the  gas.  The  rf«uli»,  a^t  a  whole,  weiv  highly  imsatisfacton* 
from  a  practical  standpoint,  on  account  of  the  impossibility  of  properly 
regulating  all  the  neoeiMary  conditions,  tin- absi^noe  of  pem^raling  power, , 
tlic  de^Inictivc  action  on  fabrics  and  other  urticlea,  and  the  unoeriaioty  i 
in  avhteving  the  object  sought. 

>  (ViitnilbluU  rUr  ilakt«riolo|ti(%  VIIl..  n.  12t). 

■^It-chrifc  t&r  llviticneund  InfiictlfnMlininlthi-iuii,  XIV.,  p.  4S7. 

*  Millhcilungcn  aus  d«ui  luiocrlicbea  (icHUHJlipitmiite,  II.,  f. 
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"  Ohloride  of  lime,"  which  ia  &  combinaUon  of  caluum  chloride 
aiid  hy|><x~ht<iriii-,  tlx.-  result  of  [xt-tsing:  ohliiriiie  over  dry  ?tlnkc<l  lime, 
wus  in  UHc  as  a  disinfcobint  am)  dcudoRint  for  a  long  time  befiiri?  the 
developiueat  of  tlic  Moicnc'O  of  l)acteriolog%'.  In  1881,  in  the  course  of 
the  first  real  invostigatioii  of  the  properties  of  what  were  commooly 
ref^rded  aa  dii«iiift;otant-i,  Kot^h  ohtained  very  unsalJsfn<-tnry  rt^iilts 
from  hi«  tests  with  this  agent,  which  iherciipon  to  a  ^R-al  extent  was 
discarded.  In  IftS.'J,  StemluTg,  then  cliairmaii  of  the  wimniitt*^  of 
the  Amerioaii  Public  HeitUh  A^oeiatlon  to  which,  in  1884,  the  subject 
of  dbinfectautit  had  been  referred,  took  very  different  ground  regard- 
ii>g  thw  and  oUicr  hyjwchlorites  and  asserttnl  llioir  elUdcncy  in  no  iin- 
cerlaia  terms.  Since  then,  the  matter  has  been  the  subject  of  many 
investigatiotLTi  by  comp<.rtcut  obtfcrvcrs,  and  while  in  some  hiimls  the 
results  have  failed  to  be  uniformly  favorable, the  work,  as  a  whole,  has 
sustained  the  poi^ition  taken  I>y  ^4te^nbcrg  a.s  a  n^iLiIt  of  his  own  ex- 
periments. 

WoronzoflT,  Winogra()otT',  and  Kolesnikoff'  <]emonAtmted  that  an- 
thrax spores  were  killed  in  one  minute  by  a  5-pcr-cent.  solution, 
though  in  Roch'it  experimeutA  they  had  been  found  still  active  at  tJie 
txpimtion  of  two  days.  Jiiegvr,'  in  18SJt,  concluded,  after  a  scries  of 
teets  with  a  number  of  apeeies  of  pathogenic  bacteria,  that  it  is  a  very 
efficient  ilisinfeclnnt,  even  in  weak  sniutions.  Niiwen,'  in  18J)0,  after 
a  very  careful  series  of  experiments,  reported  that  the  organisms  of 
cholera  and  typhoiil  fever  were  dewtrnyed  in  .')  minutes  when  the  ma- 
terial in  which  they  were  present  contained  0.12  per  c«nt,  of  the  agent, 
and  in  10  minutes  by  half  the  iimouiK.  Aiitbnix  bacilli  were  kilted 
in  1  minute  by  0.10  per  cent.,  Slaphi/!ococcun  pi/of/enM  aureiia  and 
l^reftlfMvirriui  a-if/djirlitliK  In  -'i  niiuiite.s  by  0,1:J  and  O.Iii  per  cent,  re- 
spectively, and  in  1  minute  by  O.lJO.  Anthrax  spores  of  low  resist- 
ance were  dei<troyed  in  I-^  minnt^-i  by  't  per  wnt.  and  in  70  minutes 
by  I  per  oenl.  Very  resistant  spores,  capublc  of  surviving  4  hours* 
immersion  in  0.10-per-cent.  corrosive  sublimate  and  10  minutea'  expo- 
sure to  streaming  steam,  were  killeil  in  4.^)0  hours  by  o  per  cent. 

Klein,'  ex[>erimenting  with  sodium  hypochlorite  in  1 0-|»er-cent.  so- 
lution (l.O-perHX-nt.  cJdorine)  on  the  eolun  bacillus,  autJirsx  spores, 
Staph t/fococrus  pi/orfcncn  aureus,  B.  cnteritidU  aporogejiea  and  the  bac- 
teria of  lyplmid  fever,  choteru,  and  swine  fever,  found  that  all  were 
killed  in  20  minutea  and  the  non-spore-Iiearers  in  10.  In  one  tenth 
lu  stnmfi  solution,  all  but  the  two  kinds  of  spores  were  destroyed 
within  20  minutes.  Duggan,*  working  according  to  Sternber^s 
method,  reported,  in  ISHij,  that  hLs  exjieriiuenU  IiikI  !*hown  "  that  a 
solution  containing  0.2.J  per  cent,  of  chlorine  as  hypochlorite  is  an  ef- 
fective germicide,  even  when  allowed  to  act  for  only  one  or  two  mia- 

>  Ccntralblnll  fur  Bnklorblnaic,  1887,  p.  841. 
'Arbi'itijn  itiiH  dciii  ktiianrlii'lK'ii  tiejiiiinllicll-aiiiW,  V.,  ji.  WT. 
> ZFibK'lirift  nirHy^<rD«,  VIII.,  ti.  03. 
•The  Uncct,  Nov.  M.  1896,  p.  G09. 

^K«pon  i)f  thti  C(iD)mUie«  nn  DlAinr«vbinu  ol  tlie  Amcrlcnn  Pijlilic  Iltnltli  Ahmi!- 
Jon.  Baliimore,  188G,  p.  1£ 
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iites,  while  .0(t  per  oent.  will  kill  spores  of  B.  atUhmtM  and  B.  »vh- 
ttiiit  in  two  hours." 

The  cniupositioii  of  "  chloride  of  lime,"  or,  more  properly,  rhUfrituUtd 
lime,  and  its  modi;  of  action  arc  niAtt4U^  concerning  which  there  is  ooa- 
eiderable  ili>iagreement.  The  sub^tunco  is  vnriously  held  to  tw  :  (1)  n 
mixtiiru  urciildiim  dilDriilu  and  liypovhtorite,  (2)  calcium  liyjmchlorite 
in  whifh  one  CIO  ia  replaced  by  CI,  tlmt  is,  Ca(C10)  CI,  which,  in  oon- 
tua  will)  wab^r,  ii«  broken  up  into  calcium  chloride  and  hypochlorite, 
(3)  tt  compound  of  calcium  hypochlorite  und  oxychloride  with  -IH^O, 
formed  according  to  the  equation 

•ICan,!!,  4-  2C1,  =  CaOjCl, .  o^o,a,^^,o. 

which  lA  8plit  up  in  water  into  calcium  chloride,  hypochlorite,  and  hy- 
droxide, and  (4)  a  compouud  of  calcium  chloride  with  hydroxide,  of 
which  one  II  is  replaced  by  CI.  It  i^  white  or  wbittab  in  color  and 
oocuTW  lis  a  powdor  or  tis  friable  lumps  ;  it  should  tw  dry  or  nearly  to 
and  liUould  have  no  more  than  a  faint  odor  of  chlorine,  wbich  element 
should  bo  present  in  available  form  Ut  the  extent  of  not  Icm  than  35 
per  cent,  to  conform  to  the  requirements  of  the  U.  S.  P.  (British 
sLaiiditrd  =  .t^  per  o^nt.,  German  stjindard  =  25  per  cent.). 

With  keeping,  unilor  various  conditions,  it  may  uodei^  decomposi- 
tion ill  a  iiuiiilier  of  vtuyn.  A  piLnty  condition  or  a  strong  odor  of 
chlorine  is  evidence  of  partial  decomposition.  It  is  only  partially  sol- 
uble in  water,  and  ita  aqueouit  preparations  are  bent  made  by  triturating 
tile  n-i{ui^le  amount  with  water  to  the  consistency  of  cream  and  tt>ca 
diluting  to  the  desired  volume.  The  addilinu  of  acids  to  the  solution 
causes  evolution  ofchlorini.-,  but  the  carbonic  acid  naturally  preM>nc  in 
the  water  or  abaorbed  from  the  air  decomposes  the  hypochlorite, 
yielding  calcium  carbonate  and  hy]>»chlon)US  acid,  the  latter  of  which 
hreaks  up  into  active  oxygen  and'  free  hydrochloric  acid. 

The  .siihiliiiii  known  act  the  "  Anicriain  statidnrd  "  contains  G  ounces 
of  the  powder  to  the  gallon.  It  is  largely  used  in  the  disinfection  of 
discharges  and  for  scrubbing  flnont  and  other  woodwork.  A  weaker 
solution  is  employed  fur  the  treatment  of  infected  bed  linen  and  wasli* 
able  clothing,  but  on  uocouut  of  it-i  diwlruclive  action,  these  articles 
miLHt,  aft'cr  a  not  too  Ion;;  immersion,  bs  most  tlioroughly  washed  in 
plenty  of  fi-eitli  water. 

Sodium  hypochlorite  aolutioQ,  otherwise  known  lu  diloriiiated 
soda,  Labiirraque'r)  solution,  and  liquor  sodn  chloratie,  is  "an  aqueous 
>n  of  several  chlorine  componmU  of  sodium,  chiefly  NuCIO  and 
und  containing  at  least  2.(!  per  cent,  by  weight  of  available 
ohiorine  "  (U.  S.  P.).  It  is  u.'wd,  but  not  so  extt>nMvety,  for  the  Mine 
purposes  iis  chlorinated  lime. 

Bromine  and  Iodine  have  powerful  disinfectant  pro|>ertiea,  but  for 
Mveral  reason*  are  not  Tiilited  to  the  piirpn/^es  of  practical  <lisinfection. 
In  some  respects,  bromine  is  superior  to  chlorine  as  a  germicide,  but 
it  is  dUngrcvnbU-  and  dimgercius  to  handle  und  is  considerably  more 
expeaaive.     Iodine  is  less  efficient  than  chlorine  and  offers  t»dtber  as 
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sucli  nor  sa  the  trichloride  any  ad^'antage  over  chlorine  and  the  hy- 
imclilorii^'!^,  Kut,  i«i  (he  contrary,  n  ninnlM'r  of  disiidvnntHj^-^  wliicli 
are  aufficient  to  elimioate  it  from  the  list  of  praotical  diAinfectants. 

Solphar  dioxide  cmtily  Diitnmks  idl  other  dittinfM^lantri  in  jwint  of 
Icn^h  of  Bcrvicp,  its  use  dating  back  to  very  ancient  times.  While  it 
han  iindi^uhted  liiict«rii-ida1  iiri))N!rti<^i«,  il  Iiiih  Ixn-n  dc!moiiT<tnit<-tl  by 
Kocli,  Wolirhiit;ci,  nnd  ibcir  associates  and  many  others  to  be  wholly 
untrustworthy  for  general  use,  nnd  though  slill  very  extensively  em- 
ployed by  public  luinitary  aiithoritiw!,  \«  rapidly  being  abandoned  in 
&vor  of  more  efficient  and  reliable  agents.  It  is  purely  a  surface  dia- 
infcctant  tindi'r  conditions  most  fnvoniblc  to  its  action,  and  even  then 
is  effective  against  only  a  somewhat  limited  number  of  species  of 
pathogenic  bacteria. 

It  ift  a  colorless  irreipirable  gas,  produced  by  burning  roll  sulphur 
or  "flowern"  in  an  iron  ve-iiel,  plii(>«l  .19  a  precaution  against  the 
danger  of  Rre  in  a  pan  of  water,  or  by  burning  Hulphur  candles  or  car- 
bon disulphide,  the  latter  in  a  lamp.  The  amount  of  sulphur  em- 
ployed varies,  ucconling  to  the  custom  of  the  operator,  from  oda  to  six 
pomida  per  thousand  cubic  feet  of  air  space,  but  the  whole  amount  is 
never  consumed,  unci,  indeed,  under  ordinary  circumstances,  <rombustion 
censes  before  a  half  or  even  a  third  has  been  burned.  In  order  to 
avoid  the  necessity  of  burning  nulphur,  ihb  liquefied  gus,  contained  in 
cylinders,  is  to  some  extent  employed. 

In  the  absence  of  moisture,  the  action  of  sulphur  dioxide  on  even  ttic 
lca«t  resistant  bacteria  is  practically  nil,  and  even  when  water  is  evapo- 
rated in  the  room  beforehand  or  at  the  same  time  and  the  gas  is 
pn'sc-nt  in  the  highest  percentage  possible,  the  exposctl  organisms, 
whether  of  low  or  high  resistance,  are  quite  likely  to  retain  their  vitality 
Hninip»irc<I.  It  is  true  that  some  exp<irimcnter»  have  reported  great 
success  in  the  destruction  of  ^tathogenic  organisms  by  means  of  this 
agent,  but  the  a<lvernr  reports  are  so  numerous  that  it  must  be  clear 
that  much  of!icial  disinfection  by  means  of  it  must  bo  worse  than  an 
empty  form  and,  by  reason  of  causing  a  false  sense  of  security,  a  \v.m- 
tive  danger.  Even  were  it  an  efficient  disinfeetiint,  the  many  disad- 
vantages which  att^'ud  its  use  would  suffice  to  make  it  undesirable  for 
gcnend  purjHises,  especially  in  view  of  the  tact  that  the  same  disad- 
vantages are  wholly  absent  in  other  processes. 

In  the  presence  of  moisture  and  air,  it  is  to  some  extent  oxidized  to 
sulphuric  acid,  which  corrodes  fabrics  and  other  objects  ;  it  reduces  or- 
ganio  matt«-rH  and  destroys  organic  colors  ;  it  tarnishes  brass  and  silver 
ware,  gilt  frames  and  other  objects  ;  it  leaves  a  <]isagrecable  odor 
whicb  |>ersists  for  days  and  even  weeks  atler  thorough  aeration  ;  bed- 
ding and  other  articles  become  impregnated  with  a  peculiar  highly  of- 
fensive odor  which  renders  their  use  unpleasant  and  even  im[K)ssibte ; 
and  it  has  such  little  power  of  penelrntiim  that  only  such  urgnniems  as 
are  openly  exposed  are  likely  to  Im?  alFected. 

Wlicre  sulphur  dioxide  is  the  ofticinl  disinfectant,  it  is  commonly  en- 
joined that  the  room  shall  be  thoroughly  cleansed  and  air  freely  ad- 
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milted  for  wme  daj-s  after  fumigation.    The  neoesirity  of  ibis  supplt- 1 
Dicntury  prowNii  U  in  itself  aii  a(Tnii»Kioi)  of  Uie  inadequacj  of  ibc  mod  . 
operatiou.  for  if  sulphur  is  an  effident  clisinfectaDl,  th<!  applimtioDdf  1 
eoTc  ;>oap,  i^arlK)!)^  aoiil,  liy[)u<:i)Iorite3,  and  oilirr  uffi^-tits  )>v  mt»ani\ 
the  scrubbing-bru^li  and  cloth&,  the  rvmoval  and  replacing  oT  wal^ 
papctra,  iJie  process  of  nhite* washing,  and  otiicr  mcanH  of  reiwvstioo 
rpuomnii'ndfd,  art-  nttnckv  againi^t  nn  inia(;inan,'  evil.     Granlod  ikt 
Ibeec  processes  arc  neresaarv,  the  dainu*  of  siilpliur  dioxide  as  a  prwrtiial 
<]isinf«'ctHnt  mufit  full  to  the  ground  ;  if  not  tivccsssiry,  ihcj  i^houM  not 
be  enjoined. 

Lime  and  Metallic  Salts. 

Lime,  qaicklime,  or  calcium  oxido,  luu*  long  Ixvii  known  as  u 
agent  |>us^-5&iiig  grcnt  power  in  d<»troying  oignotc  matter  and  liubta 
very  exten.tively  us«d  from  very  early  limes  in  oonnectioQ  widi  di^  ' 
poeal  of  the  dead.     TR-iitcd  wil.U  half  it«  weif;ht  of  nater,  it  it  diked  , 
to  a  dry  powder,  the  hydrate,  which,  mixed  with  sufficient  water,fiinu 
the  wcll-kuowu  "  white  wasli "  c^oniHionly  ii»cd  for  disinfecting,  svtcl* 
enii^  and   hrightening  the  walls  of  cellars,  rooms,  barracks,  bm^l 
poultry -ho  1 1^4,  and  otiier  oulbnildinfrH.    Slakftl  lime,  mixed  wiih  four 
volumes  of  water  to  the  consistency  of  cream,  forms  what  is  conuiionly 
known  119  "milk  of  lime,"  which  is  extinisivcly  um-iI  in  thcdi^iat'ectiun 
of  excreta  and  privy  vaults. 

The  8uientifie  investigation  of  the  disinfectant  pmperti<«  (^limebf  I 
I^horius,'  undertaken  at  the  instance  of  Koch,  demonstiated  it«  vilnl 
in  tJie  dcstniotion  of  the  bacteria  of  typtund  fever  aixl  c-holera,  the  1 
former  of  which  were  found  to  Vie  dc^troywl  in  a  few  hours  liyfimel 
water  containing  U.007-1  ]>er  cent.,  and  ilie  latter  within  the  sametim] 
by  0.024t>  per  wnt.     Cliolera  liouilluu  cultnrctt,  vinitaiuing  nninereiii ' 
ooagula  of  albumin  and  thus  offering  unfavorable  conditions  ht  tin 
action  of  Ihu  disinfectant,  such  as  would   W  prv^-nt  in  rli-ilora  'li*- 
charges,  were  completely  disinfected  within  the  course  of  a  few  lioun 
by  O.-IO  )»er  cent,  of  pure  lime  or  by  2  per  cent,  of  ordioaiyi 
lime.     He  rcoommcuded  thv  employment  of  the  pure  dry  pomer<'| 
of  milk  of  lime  coutaining  20  per  cent,  of  it, 

Fiivitmhic  results  were  obtained  aim)  by  Kittusato,'  who  fimnd  tintj 
the  same  two  species  were  tk'stroycd  by  ab<Hit  0,10  per  criit,  in  ftoo] 
four  to  five  hours.  Pluhl,'  carrying  the  ex|»eriment«  somcw)i.ii  further, 
rocommeniki]  the  use  of  milk  of  lime  of  20-|>er-ceut.  strength,  fmsUf 
prepared  from  lime  of  good  quality,  for  the  disinfection  of  loose  dejefr  I 
tionfl,  pre.-icribin);  ihni  it  must  be  »dd<tl  in  aufficient  quantity>  «i'^  , 
lhonni;:h  mixinp,  until  the  whole  mass  is  strongly  nlkuUne  in  ewijl 
purl,  1-  -li'i'.vn  by  testing  with  reti  litmus  paper.  With  such  tntliaa^J 
ne  anBL'iiti-i  (hat  complete  sterilization  is  nccomplishe<l  within  an  benr.f 
Extensive  researches  by  nnmerout«  other  scicntii-tB,  though  diffangj 

'  %-llwlirifl  fiir  HvKieni!,  II.,  p.  16. 
■IbMc-m,  111.,  p.  4IM. 
>  Ibidem,  Vr.,  p.  97. 
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snmewlinl  in  rceulls  in  <H.'rlaiii  UDiiiiportnnt  |i(irticiiliirs,  liuvo  conlirniod 
ili«  ODncliJaiouii  iif  LiioM>  iiirlii-r  invcati^iitom  .ik  m  the  greal  pmctii'al 
ruluc  of  tliU  Dgeot.  As  to  its  valiu-  Id  cumpariwii  witli  chloriniiU'd 
lime,  Uiere  ia  some  dtsagrccnieut,  ^onie  nutlioritics  favoring  the  oiie 
and  sonip  lliv  oiIilt,  but  prncti cully  ull  iiiiitv  in  tlic  opinion  that  which- 
ever is  the  more  efticieiit,  the  difference  is  slight. 

Of  grwil  pnicticid  imixn-tiuici'  in  tin;  iiw  of  nny  diMinfccttint  on  a 
large  scale  is  the  item  of  expense.  It  hoppens,  fortunately,  that  this 
valuable  aid  h  exuc<-dingly  chiwj)  nnd  that  iU  iimc  with  u  libenil  hand 
in  excess  of  the  reeom mended  nniuunt  can  be  urged  withotil  promoting 
lavish  expenditure  <if  money.  In  the  dii-infet-tiiin  nf  fllnoli*  it  U  com- 
monly advised  to  a<ld  at  least  an  cqnal  volume  of  the  milk,  or  evvn 
twice  as  much,  and  to  allow  the  mixture  to  «taod  for  two  honr.s  or 
longer  befuro  final  di8|)u8ul.  In  eiiinpMinilalion.it  is  much  u«i-()  witJi 
excellent  resulla ;  but  for  their  attuinmeut,  conHtsnt  watchful  super- 
viiion  t«  iM'ct'HHary. 

It  must  be  home  in  mind  that  air-slaked  lime  must  not  be  employed 
in  the  prt-jianilion  of  the  milk,  and  ihiit  tht!  latter  on  JHluiidiii^  losen  Jtt 
bomo^ncouH  character,  which  must  Le  restored  by  stirring;  or  shaking 
each  lime  the  material  ia  u^ed.  The  milk  itt  nin>tt  )H>werfu1  when 
freshly  prepared  and  should  not  in-  used  when  older  tlian  n  very  few 
days,  unless  mont  carefully  protected  fn>ni  contact  with  air. 

Ferrous  sulphate  and  oUier  salts  of  iron  have  lonj*  U-ftu  exten- 
sively used  both  as  germicides  and  deodorants.  All  s-cieniiflc  invesli- 
gatioDH  of  the  <llKiiif('<'taiit  ]ir(i)ii'rtii'K  of  ferroii.s  ttulplinie  by  Koch, 
Sternberg,  and  others  lias  demoni-tnited  the  utter  wort  hie ^sness  of  this 
agent.  Not  only  docH  it  fail  a.i  a  germicide,  but,  as  hiis  hcen  |)ointcd 
(Kit  by  Foote,'  it  has  also  no  claims  to  be  considered  iie  a  deodorant. 
Its  employment  in  this  capacity  not  infreqMcutly  makes  a  had  odor 
worw;,  through  chcmicul  uclion  on  organic  cumpoundt  produced  in  the 
process  of  put  re  fact  i' in. 

Ferric  sulphate  bits  Iwen  shown  hy  Itiecfee'to  hiivc  very  marked 
action  against  the  bacteria  of  typhoid  fever  and  cholera  in  acid  and 
alkaline  excreta,  when  added  in  an  equal  volume  of  .>-pcr-<'ent.  Kolntion. 
The  disud vantages  alten<lii)g  its  use.  however,  more  than  outweigh 
any  conHidcralions  which  niii  be  urged  in  favor  of  itx  emphiymeut  in 
plan*  of  other  more  cflicient  and,  on  all  accounts,  less  objectionable 
agents. 

Ferric  chloride,  also  has  some  claim  to  be  rcgnrded  as  a  germicide, 
but  it  is  inferior  to  the  sulphate  and  is  ojien  to  the  i^me  objections. 

On  the  whole,  theivfore,  the  imn  e(>mponn<ls  tnoy  be  safely  passed 
by  in  the  practice  of  disinfection. 

Zinc  chloride,  like  ferrouH  )4ulphal«,  wati,  until  eubjeoted  to  Uie 
rigid  test  of  Imclcriological  proof,  regarded  as  a  moet  efficient  disin- 
fectnnt,  and  to-day,  though  the  original  adver.'te  tindtngit  of  Knch  in 
1881  have  been  oonfirnieil  by  many  careful  cxperinu'nlers,  is  still  very 

'  Aniprirnti  JiiiiniHl  orilie  MnJii'nl  .'^■ipiu't*,  .\('VI1I.,  ii,  3'i9. 

' KoilBclirtft  fur  Ily^iviiv  utid  Iiiftriionikruiikhotieii,  XaIV.,  p.  30.1. 
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cxt^nniively  einplaved  and  lu  man}*  plaices  in  afBoially  pNacribtdt^j 
the  locul  lifaltti  aiiilniritU'^.  L'ikIit  mxw  condition)^,  it  does  ootMOB*! 
ally  succeed  in  d«imying  some  forms  of  Inoierial  life,  bat  its  plMtnl 
the  list  of  tcUial  and  siippo^  di)>iiif«ctaut»  U  wvU  down  tit«-an]  tbel 
very  bottom,  It  is,  bowover,  somewhat  efficieot  as  a  deoduranl.  Tbtl 
»al|>lia1f  itMiI  •-itliiT  'k.ilis  are  eijiially  iiu^ffioii'iit  a^  diMinft-vtaDta. 

AlumiDaiD  chloride  i^s  tlie  chief  Eolitble  constituent  of  a  DtiiBb(r( 
extremely  popular  proprietary  disinfi>ctanl!t,  presCTibMl  by  praelici^ 
physiciuiw  anil  lM)iif;ht  with  and  without  advice  hy  the  huty.  Lilw 
other  aluminum  compouoda,  the  sulphate  and  the  alumft,  for  eumpEty 
it  is  powerfully  ii.»irin(;fnl,  even  in  diUitv  form.  It  is  cheap,  hum 
actjoii  on  melallic  ^ubelunces,  and  does  wit  stain  or  otherwise  injoie 
fabri<».  Iia  dUinfeetant  a^Aion  !»  inlight,  and  herein  it  agrcM  fiirtliir  ] 
with  other  nhiminum  compounds. 

A  number  of  proprietary  pre]kaniiion»s  in  which  it  h  pr«SMit  dtbtr 
as  princi[ial  or  auxiliary  ingmjicnt,  cxumined  by  the  autlioruitbDr.J 
R.  M.  I'earoe,'  were  found  lo  be  quite  ineflieienU  The  Kst objtctn  ia- 1 
cludwl  cultures  of  H.  anlhniriM  tmtl  B.  typhottu,  typhoid  dcj<vt«,  dipb- 
tberitic  membranes,  and  tuberculous  sputa.  Each  of  five  preponuoni,] 
in  the  ^irengtli  rt^vimmi'nded,  wai^  3til>J<H;trd  to  10  teste,  and  ^m\ 
proportions  of  successful  disinfection  varied  from  20  to  70  perotnLl 
Anthrax  liacilli  were  destroyed  by  one  ;  one  culture  of  ^.  (ypAowwi 
killed  by  one,  another  hy  all,  n  third  by  two ;  one  typhoid  rtoel ' 
uiiftlTuclt'd  by  all,  a  necond  waA  steriliied  by  nil,  and  a  third  by  thm;| 
one  epcctincn  of  diphtheritic  membrane  was  stcriliKcd  by  four,  lO 
another  by  only  one  ;  t(il>erculou.'<  sputimi  was  affected  hy  none. 

Fotaasinm  permanffanate,  well  known  m  a  {wwcrfnl  ox* 
agent,  is  much  used  in  aurgical  practice  and  in  other  lines  of  ip 
work.  Ita  uae  in  India,  during  cpideinieK  of  cliolera,  in  tiiv  puri&(atin| 
of  wells  is  «ai<l  to  yield  valuable  i«sult«.  Enough  of  the  salt  to  men 
a  flight  tinge  of  color  is  added  to  the  water. 

In  cuut.-i<;t  with  organic  matter  and  oxidizablc  mineral  suhfltanKt^] 
it  partd  very  rciulily  with  its  available  oxygen,  and  It  is  to  this eUnwt* j 
chat  whatever  disinfectant  property  it  haa,  is  due.     Unfortunately! 
its  use  in  general  disinfection,  a  small  amount  of  organic  tnatterrequ 
a  very  large  amount  of  the  salt  for  cnmpU-t(!  oxidation.     Thus," 
oanoe  of  lirpiid  ficci«  or  of  urine  can  reduce  such  an  amount  thatili^ 
estimated  that  the  sterilization  of  the  total  24  hounii' excreta  of  ' 
person  would  cont  almnt  five  dollarv.     It  cannot  be  used  in  the  i 
mont  of  clotliing,  niuw:  it  cauttcs  stains  of  a  ]>ermaneut  diaracter. 

The  readinc^'*  with  which  it  is  redueeii  mid  n;'n<icrc*l  inert  by  ro**! 
ters  aa!*i>ciated  with   bacteria  mitke^  its  germicidal  action  uncertsn 
although  lalwnUory  experimentation  has  demonstniUHl  il^  undoab 
power,  even  in  wc:ik  solution,  against  bacteria  of  high  reeistance. 

Copper  sulphate  in  weak  soturiona  dwtroys  sporelew  bacterii  ij 
greiil  variety  within  <i  abort  time,  but  in  pnirlical  work  its  u«e  in  n  '  " 
limilL-d,  ■  *  '(tfongly  niL-ommcnded   for  Uie  stf^riliulioa 

n  Swietv  of  Medical  Sueacoi,  Mnreh,  18D9. 
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biit  \\»    lii^h   crivl  nnc]   oltiiT  <liiinilvniitii|^,  not   to    mention 
''ftj'inferiori  ty   iia  a  germicide  to  other  cheaper  aocf   more  available 
labMiititHM,  tnakv  it  imiimlmble  tluit  it:*  cmpUtyniCDt  will  ever  becM>ine 
verv  extensive. 

Mercuric  chloride,  or  corrosive  BUblimate,  is  bovond  ([uc^tion 
tlic  m>Ht  puworful  of  all  the  metulli<;  klIu  as  a  disiiirectaiit,  siiiee  even 
in  stuih  ililiitioti  as  .01  to  0.10  piTcetit.  il  i.t  napiihli'ot'di-stnn'iiig  the 
Diiwt  resisluut  organisms  known,  iiiehiding  the  Hpores  of  anthrax  and 
of  the  hay  bacillu.t.  In  Koeh's  oft-^juott'd  exiK-riraenU,  ihe  growth 
of  anthrax  bacilli  was  pruvt-ntoii  by  1  purt  in  300,000,  and  the  spores 
were  killed  in  ten  minutes  by  1  in  ^0,000  (0.005  jwr  oenl.).  His 
latrr  invwtigation,  liMWUver,  ciiusfd  him  to  modify  his  originiil  c«timatv 
as  to  its  eiHcieat  working  strength,  but  did  not  dinplacc  it  from  ita. 
)»)4ition  at  the  huul  of  tho  lint  uf  motnlliv  di^'infeetants. 

Investigation  by  othera  has  given  resulla  of  very  variable  character, 
DOine  oonlirmatory  of  Kodi'^,  othcnt  dci^dcdly  in  oontriidiclton.  Tliu», 
Nocbt,  wboso  results  arc  reported  by  Behring,'  found  an  exposure  of 
several  hauni  nectts.nary  fiir  the  killing  of  anihnix  i*pori-B  by  0.10  per 
cent., and  Bohnng  him^'lf  found  that,  Mith  this  strength,  no  action  was 
observable  until  10  hours  liad  eliip.ti^d,  and  that  ci>m]ilete  fit<Tili)!atioa 
was  elTerrted  in  24  hours.  With  the  assistance  of  Bulphunc  acid  in  the 
proportion  of  nine  parts  by  weight  to  one  of  sublimate,  the  same 
strength  killed  the  spores  in  0  houi^s.  Other  metidlic  salts  in  solution 
gave  less  evidence  of  activity,  tlie  only  one  which  could  l>e  compared 
in  efficiency  with  sublimate  Ix'ing  nitrate  of  silver,  a  salt  which,  by 
reason  of  its  prohibitive  cost,  can  hardly  find  a  place  in  the  list  of 
practical  dtsinfeetauts. 

Klein  '  found  that,  when  present  in  nutrient  gelatin  in  the  projrartion 
of  1  in  10,000,  it  dofs  not  always  prevent  anthrax  six)ri's  from  germi- 
nating, but  oven  when  it  fails,  it  has  u  ecrtinn  restraining  influence  and 
causes  a  diminution  of  infeotivity,  lie  found  that  anthrax  bacilli  are 
kilhsl  by  1  in  2,000 ;  that  their  gruwili  is  inhibited,  as  a  rule,  by  1  in 
3,000  or  4,000 ;  and  tliat  in  solutions  of  1  in  5,000  they  grow  with 
niodiRed  infectivity. 

The  widely  different  conclusions  concernlug  the  action  of  weak  solu- 
tions on  aothnix  spori's  and  othi'r  highly  rc-oistant  nrgani^ms  are  ex- 
phiine«l  by  differences  in  uulrlent  media.  In  tcchnlc,  and  in  virulence; 
and  while  it  has  been  establl.ihifd  that  the  earlier  opinion.-'  were  far  too 
favorable,  it  has  rcpuateilly  been  proved  that  in  germleldal  action  it 
stands  far  in  advance  of  all  other  metallic  compounds.  Rut  it  must 
not  be  undcrst'wd  thitt  umler  conditions  which  obtain  in  practice,  tlio 
aune  results  as  are  obtained  In  laboratory  experimenis,  made  with 
broth  cultures  and  s(>ores  dried  on  silk  thrends,  arc  alwuy»*  to  .be  ex- 
pected. In  the  treatment  of  tuberculous  sputum,  for  example,  the 
innermost  bntillli  arc  prolecU-d  from  contact  with  the  disinfectant  by 

■  %'itwliriri  ntr  llyirionc.  TX.,  (i.  3115. 

'Supplement,  h'ilWnlli  Aniiiul  Ui-tiort  of  (lie  Mudical  Offlu«r  xa  lliit  Lut'iil  Guvem- 
meot  Board,  ISST),  p^  156. 
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the  consilium  which  forms  on  the  surface  of  each  separate  nuas. 
Again,  iu  Uic  trinilincut  ol'otlior  organic  maltc^r,  the  poit.sibitity  of  pre- 
dpitaCioD  as  nlbuminatc  or  sulphide  or  other  iosoluble  compound  of 
mcfriiry  iiiuiit  he  \iv\A  in  mind. 

Preci|mulion  a&  iilbuminiite  can  be  prevented  \>y  the  addition  of 
nlxxit  ■")  piirU  of  sulphuric,  hydrochloric,  or  tartaric  acid  or  of  10  parU 
of  cuminon  salt  fur  cjich  pitrt  of  siiblimaUi  io  1,000,  but  conveivioa  to 
sulphide  cannot  be  prevented,  if  the  oonditions  neoeesary  for  its  formii- 
tion  arc  piv«i.'nt.  The  albunuiuite  hits  powerful  g«rmiddal  pro[H'rtie«, 
but  the  sulphide  in  piyetically  inerl.  In  the  disinfection  of  fieces,  for 
which  purporie  (•■irroMive  ^siihliitiate  i»  much  tiscd,  it  must  b«  evident 
that,  with  the  usual  strength  of  solution  employed,  the  whole  of  Uie  suit 
mu«l  freipieoLly  ha  precipitin  cm  I  in  one  fonti  or  another  very  early  in 
the  process.  In  surgical  practice,  it  has  the  advantage  of  nllecting  tn- 
struiuentci  injurioa^ly,  and  in  [lon-tehold  dininfecliou,  \Ia  oorrodvc  ac- 
tion on  p]iimbin(i  niiisl  Ik'  cuut-idcrcd  as  sonicwhut  in  the  light  of  a 
bar.  Because  of  its  many  drawliaok.s  it^  use,  eiioepting  for  sterilizing 
Uie  hands  nnti  other  parte  of  the  person,  walls,  floors,  and  other  wood- 
work,  is  not  to  be  recommended.  The  usual  working  strength  is  1 
in  !,000. 

Other  salts  of  mercury,  the  potassio-mereuric  iodide,  the  cyanide, 
and  the  snipho-carlxilati-,  for  cxamjile,  fM)««c.%«  great  gvrmicidal  pow«r, 
hut  in  this  rc^p.'ct  arc  not  superior  to  the  chloride.  A  preparation  of 
the  aulpho-carholate,  known  a'4  "asturol,"  otmtaining  17  per  oenL  of 
mercury,  is  s:ii<]  by  Stcinmann'  to  lose  none  of  its  disiafcctunt  prop- 
erty in  albuminous  media,  to  exert  a  deep  penetrating  action,  and  not 
to  injure  instnimeiits. 

Mineral  Acids. 

The  mineral  acids  possess,  in  different  degrees  of  dilution,  varying 
diftinfocinnt  juiwer  againnt  all  siwoic*  of  bacteria.  In  any  cffoclivic 
working  strength,  tliey  corrotle  the  common  metals  and  destroy  the 
ten.tile  strength  of  all  kinds  of  fabrics 

The  bactericidal  effect  of  gastric  juice  on  the  bacteria  of  cholera,  dis- 
covered by  Koch,  was  ascribed  by  him  to  the  contained  hydroohlorio 
add  ;  and  experimenting  with  bouillon  cultures  of  this  orgnnism,  Kita- 
sabo'  showed  ihatO.Kt^  per  cent,  of  hydrochlorie  or  0.041)  of  sulphuric 
add  produced  sterility  within  a  few  hours.  This  result,  eo  far  as  it 
concerns  sulphuric  acid,  was  confirmed  by  Stutxer,*  who  found  that 
0.05  per  cent,  killol  the  oi^uiiitmti  suspcndwl  in  dit^lilled  water  in  IS 
minutes. 

The  experiments  of  Itocr'nhowed  that  (lie  IxKillntiof  typlioiil  fever 
in  bouillon  cultures  was  destroyed  in  2  hours  by  0,07  per  cent,  nf  hy- 
drochloric acid,  and  in  the  same  time  by  0,12  per  cent,  of  sulphuric 

'  bcrlinct  klinlf  hi'  Wwlipiittlirift,  Mareh  13,  IIKW. 

*Z«iLuhrirt  Mr  il;'|[ifiii\  111.,  |l*SH,  |),  41M. 

'Steiuclirift  fiir  Hrt.'iL'iic  iind  iDtpciiciuktnnkheilen,  XIV.,  1893,  p.  !^. 
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acid.  The  cliolera  oFgaaism  was  killed  by  smaller  amounts,  0.02  per 
ocHl.  of  t-aeli,  witliiii  tlut  sarofr  timt-;  tlii.-  hiieilU  uf  antlmix  wort;  but 
sliglitly  more  resistant  than  the  cholera  germ  ;  and  tlmae  of  diplilheria 
succumbed  to  the  enme  muoimltt  as  wen»  fnliil  tn  thosfi  of  tyjihoid 
f«ver,  Ivanoff'  determined  the  amount  of  Bulphuric  acid  necessary 
to  sterilijie  sewage.  That  of  Potadarn,  three  limes  aw  fouI  tu  that 
of  BctHu  and  slightly  alkaline  in  reaction,  imprcgiiat4.'d  n-itli  cholera 
gernja,  w.is  disinfected  by  O.OS  per  cent,  in  IS  minuter  A  proprietary 
prvpsiration,  conUiining  0.76  per  cctit.  of  Hulphuric  acid  and  nothing 
else,  tested  by  the  author,  sterilised  one  of  two  bouillon  cultures  of 
typhoid  iKUiilli  an<l  one  of  Uvit  typhoid  dcjccln  in  two  Itours,  and  had 
no  eSect  whatever  on  dipbtlieritic  membrane  and  tuberculous  sputum. 

Organic  Subatancea. 

Carbolic  acid,  phenol,  phenic  acid,  obtained  chiefly  from  coal,  is 
a  ftulxitanoe  of  varying  degn^--N  of  purity  and  diifinftxannt  power.  The 
highest  grade  is  pr.tctically  pure  phenol,  but  the  commoner  qualities 
contain  variable  amounts  uf  cresuls,  xylol,  and  othfr  higher  liomo- 
li^ues,  all  uf  which  have  marked  bactericidal  properties,  and  tar  oils 
which  have  none.  In  the  opinion  of  many  authorities,  the  crude  acid 
ia  gn])erior  to  tlit,'  highest  grades  in  disinfecting  power  by  reason  of  the 
preaencB  of  the  ci^suls. 

Prior  to  Koi-b's  work  on  di^iiifeetimto  in  ISSl,  carbolic  acid  was 
generally  believed  to  W  one  of  the  most  powerful  of  gerniicides,  a  l»e- 
lief  which  wan  doubtlefl.s  due,  in  part  at  least,  to  its  pccnliar  an<l  power- 
ful o<lor.  Koch's  experiments  with  anthrax  spores  led  him  to  the 
conclusion  that  even  in  o-jier-ocnt.  solution,  it  was  an  incnicicnl  ngeut 
against  highly  ri:sistnnt  organisms.  Then  followed  a  number  of  in- 
vestigations by  others  who^e  cnncluaions  were  by  no  mmns  in  agree- 
ment. It  was  found  by  some  to  be  a  very  efficient  general  disinfectant, 
by  others  to  be  very  unreliable,  and  by  still  others  to  be  well  suilwl  to 
some  lines  of  work  and  not  to  others.  It  was  very  generally  conceded 
(fast  in  certain  respects  its  use  has  many  advantages  over  lliat  of  <'or- 
rosive  snbUmuie  and  other  mftjkUic  salti^i  that  it  is  not  destroyed  or 
precipitated  by  conUict  with  albumin,  acids,  salts  and  other  compounds ; 
and  that,  even  in  weak  dilution,  it  destroys  many  of  the  common  path»- 
g«nic  organisms  very  <juickly. 

Behring,  Sternberg,  and  others  found  it  efteetive  against  the  bacilli  of 
typhoid  fevrr  and  cholera  in  l-per-cent.  solution,  but  opposite  conclu- 
sions have  been  reported  as  to  its  action  against  the  former,  which  orgun- 
isra  is  said  to  flourisliin  mixtKl  cultures  in  the  presi-nccof  even  as  much 
as  o  per  cent.,  the  accompanying  species  being  destroyed.  Acconling 
to  Vincent,'  ihit  colon  bacillus  is  killed  only  by  solutions  containing 
At  least  3  per  cent.     For  the  disinfection  of  tuberculous  sputum,  Scliill 


■  SUuchrUt  fftr  Ilvgienv  und  InfNtionBknnlcheiWn,  XV.,  13!)3,  p. 
■AnnalMderinHtitiil  I'nsieur,  IX.,  1)495,  |i.  ■2,1. 


as. 


610 


Dmi.VfUCTAXTS  Ayi>  DISISFECTIOS. 


uMid  Fischer  *  found  it  tn  be  reliable  in  5-per-c«nt.  BoluttOD  wiihio  !4 

in.     An  expcriiuent  by  tlic  uutlior  luid  l>r.   K.    M.  Fnutf,'  in ! 
which  this  material   was  treated  with  17  diSereot  preparalioos, pio- ' 
prietar\'uud  otherwise,  iiivliiilingft  .^-per-wiit.  coliilitmof  <»rlHilieKiil, 
was  sacwssful  with  this  ageol  and  four  othera  after  a  2  hours'  expMire.  1 
With  typhoid  stowU,  diplitlii-ritiK  mcmhmue,  and  bouillon  cultuKi  of  j 
the  typlioid  organism,  dUinfection  wau;  not  accomplished.     U&eloma' 
hibi  ri>[H>rli'd  itiiit  while  tht)  ri-per-<^enl.  i^olution  did  not  destroy  tbt  I 
typhoid  orgimii^ni  in  an  hour,  etfriliiialion  was  complete  after  21  \tmi 
ex|)Osure. 

\Xa  disiufcctnnt  power  uppcnnt  to  he  iiicrvaMtl  by  heat  and  In'  lit 
preiienoe  of  mineral  acids  and  common  salt.  Thus,  Ueidcr'  uinal 
I  tltat  while  at  ordinary  room  triii[H^nitiin>  n  -Vper-oi-nt.  nolutioji  «*s  in- 
effective against  anthrax  spores  under  3ti  days,  at  55°  C  it  v^t  VSOUSh 
Alt  in  2  honm,  and  at  lb"  C.  in  'A  minulex.  The  influence  of  \\s  M^■ 
ctation  with  common  salt,  whidi  alone  in  ordinary  amotmtH  hv  t«t 
slight  bactericidal  |)ower,  is  attested  by  Scheurlen,  IWkmaan,  Romtr, 
and  others, 

Scheurlen*  demonstrated    that  while  l-pei^oent,  mlutioas  W  i»l 
effect  agniuHt  pu*  ooeci  during  5  niiniilcV  expiwirc,  the  addition  nf  J 
common  salt  in  considerable  amounts  brought  about  sterility  \a  en 
minute,  and  iJiut  the  Munc  agent  eulianocd  itJ<  action  materially  afiiiai 
anthrax  spores.     Beckmann '  showed  that  though  3  per  cent,  ir-f  alt 
increased  the  general  dijiinftx^tant  jMiwer  of  a  1 -[n-r-t:eiii.  solution  >'«y  i 
considerably,  no  increase  in   its  power  ngninft   nnthnix  #pura 
obsivrvable  nntil  24  per  cent,  had  been  added  ;  hut  in  this  atnount,  tahj 
itself  ha*  cfmsidemhle  power,  and  it  would  »eem  rcnmnahtr  lo  attribute] 
the  effect  of  the  mixture  very  lai^ly,  if  not  wholly,  to  it.     Kwnur"] 
alwi  privv^l  the  same  thing  with  reitpccl  lo  the  action  of  a  stroogerj 
solution  (;i-per-cent.)  which,  with  the  addition  of  8  per  cent,  of  salt,  i 
much  more  eflVciive  again^it  the  Mtmc  OTganii*iii. 

Similarly  it  has  been  shown  by  Frankel  and  Laplace  that  tlie  pni*l 
ence  of  small  amounts  of  the  mineral  acids  is  very  helpful,  but  itisioj 
be  honii^  in  mind  that  the  latter,  una^isted,  are  hy  no  means  withixit  ij 
very  considerable  degree  of  germicidal  power.  Both  authoritin,  Iw** 
ever,  have  proved  that  mixtures  of  airlxdie  and  mineral  iicid*  arenwnj 
havlericidal  than  either  ingredient  in  the  proportions  nsed,  and  f 
and  Nocht  as  well,  have  nlwi  dcmooMtrali-d  the  sujHTiority  of  miilnTO] 
of  the  crude  acid   with   mineral  acids  over  combinations  of  the  f«»| 

Jhenol  with  mineral  acids  in  the  same    pro[K)rtion«.     .\ccordingW| 
Ipstein,*  carlmlic  neid  in  alcoholic  solution  is  more  powerful  iqI^ 
ae  amount  than  in  aqueous  iM>lution,  which  finding  is  endorstJ If 

■  MiuhrlliinRcn  au*  dem  Icniivrlkbca  Gtmndhdtamtc,  U.,  ISM,  p.  Ift 

*  Lon>  cilato. 

■I>««ilKJie  mediciniw-tiff  Wochvn-iclirirt.  XVI..  1890,  p.  37, 

•Coittmlblaii  nir  Biikli;rii>lt«i«.  l.\-.  1891,  p.  221. 

<  Archir  for  iri)>iTiin(Tiilalc  tatlMloaic,  dc.,  XXXVtl.,  1998,  pL  74. 

*C«ntnllil)iu  niT  )!nktciiol<uii«,  18M,  Kos.  Ii>  Hnd  IT. 

'  Miindimor  innlldiitNche  W<wh*n«FHrift.  .VLV.,  1898.  p.  298. 

* ZritH'lirifi  (Or  ElirgicnD  iind  InfDCtion»knuikMi*n,  XXIV.,  1897,  f'- 
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Mmcr^'iDi.'  On  the  other  haD<l,  in  solution  m  oil^  according  to  Koch, 
it  lo:4es  it!)  gcrmit'idiLl  |>roj)ei-ty  (!niii)>let4^ly. 

On  all  iiw  evidence  ]>rt'scntcd,  tlio  conchuion  must  he  drawn  that 
LHirboliv  acid,  while  effective  in  weak  and  Hatiirated  a([neouH  solutioit 
inst  mimv  (>r  the  palh<j];ciiie  biiotonii,  i»  not  stiitod  ti;  the  purposes 

'practical  general  disinfection.  When  used,  it  is  best  to  employ  the 
^stronger  rallicr  than  the  dihitv  solutions.  The  pure  noid  is  aolublc  in 
about  11  parts  of  water,  but  the  commercially  pure  article  is  soluble 
in  nlxtiit  20  |)arl:<,  giving  alxint.  >''i-)><'r-ccnt.  ^treiigtli. 

Tile  EO-oalled  carlioHc  powders  are,  as  a  rule,  inert  mixtures  of  tnin- 
emi  matter  and  waste  pntduct^  nf  iviiil-tnr  disrillation.  Their  strong 
odor  appt^U  to  the  iniaginntion  and  promotes  their  sale. 

The  cresols,  raeta-cresol,  nrlho-orcHol,  and  (>ara-creaol,  which  occur 
as  impuriti*^!S  of  carlKilJc  acid  and,  according;  to  man}'  authoriiio>,  arc 
more  [wwerful  as  germicides  and  le.'w  poisonous  to  higher  organisms, 
are  constituents  of  ii  largo  numlicr  of  propurulionH  which,  within 
recent  years,  have  come  into  extensive  use.  The  cresols  are  closely 
related  to  phenol,  from  which  they  differ  in  that  CH,  n-plnccs  one  H 
in  the  benzol  ring,  and  according  to  the  position  of  CII,,  we  have 
metn-crenol,  urtho-creaol,  or  piira-cresol.  'V\w  liillor  can  lii^  made  syn- 
thetically from  pure  ]iura-toluidin.  Cresols  nre  practically  insoluble 
in  water,  but  solution  is  brought  alx^iit  by  Aoaps  and  by  cresol  salts. 

Laplace'  wax  the  first  to  draw  attention  to  the  fact  that  crude  car- 
bolic acid  and  strong  sulphuric  aoid,  mixod  together,  form  a  conijiound 
•oliible  in  wn«-r  iind  uf  hiph  liisinfi-ctnnt  |>ower.  He  rvpurU-il  that 
the  mixture  in  4-per-ccnt.  solution  destroyeil  anthrax  spores  within  '24 
hour^  while  pure  carliolic  iicid  in  3-per-ci-iit.  solution,  hud  no  effect 
whatever.  The  lirsl  extensive  study  of  tJie  action  of  cresol  was  made 
by  FrilnkeJ,'^  who  .showed  that  the  mixture  of  sulphuric  acid  and 
crude  cresols  is  not  of  the  nature  of  a  new  compound,  hut  thnt  eucli 
ingredicnl  exists  by  itself  and  exerts  its  own  aotinn,  and  ihat  the  acid 
keeps  the  cresols  in  sohition.  Hammer '  tuvct<tigut4;d  the  propertiea 
of  cresols  dissoK'ed  in  sodium  meta-cresotinate ;  here,  also,  no  double 
compound  it  furmed,  the  will  nctirig  merely  n>«  n  solvent.  Sotliuui 
_ salicylate  acts  equally  well  as  a  solvent.     The  various  prejuirations 

Atnining  cresols  and  .solventij  of  tlir:  :«ame  are  highly  recommended  as 

''substitutes  for  phenol,  on  the  ground  of  higher  bactericidal   power, 

lower  tiixieily,  and  of  being  less  irritating  in  surgical  work.     They 

can  be  diluted  at  will  with  water,  some  forming  milky  emulsions,  some 

clear  solutions. 

To  dct^-rmine  the  toxic  pn)perties  of  the  cresols,  Scybohl'  instituted 
aserieH  of  experiments  with  guinea-pigs,  into  which  :i-per-cent.  solutions 
of  the  individual  cresols  were  siibcutam-ously  injected.  The  most 
poisonous  was  found  to  be  para-cresol,  and  the  least  so  proved  to  be 

'!^-il3rliriFt  fiir  llT){'°ncf  anil  Inrpr'tirmskrnnkiicitcD.  XXIX.,  189H,  p.  IIT. 

•I)cciu.lu'  moHiciniwIic  Wiiclimiselirifi,  ISST,  No.  40. 

»Z«ilwlirift  flir  nvKif"f,  VI.,  IH«i,  i.,  .V2|. 

•ArohiT  fur  ilrcicne.  XII..  ISl'l,  p.  3.i9  ;  XIV,.  lSfl2,  p.  IIS. 

*ZoilK-hrift  Tiir  Itvgioiie  und  Infecibnskranldieiian,  XXl.X.,  1SS8,  p.  37T. 
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niclB-cruHil,  wliicl)  \»  also  DiDch  lettd  poi»onou.i  thaii  [ilieDol.  From  a 
atady  of  ihe  comparativG  disinfectant  avtioo  of  the  aeToral  cnsoU  and 
of  several  oilier  pre^virationi*,  iiidiKling  tri-cresol  (pre|mr«d  syntbeticallir 
from  toluGiip)  aoil  plicnol.  In-  roticliiilcd  that  of  the  tiirec  iM>iiiff», 
Diita-crosol  is  tlie  imist  [jowerful,  and  that  the  creeols  are  aJl  superior 
to  phenol.  Tri-cn-sol,  wliicJi  t»  -JO  jut  ci-nt.  mcta-, 3.3  [kt  cent,  ortho-, 
ana  26  per  cent,  para-creeol,  proved  to  have  double  the  bectcricidal 
power  of  phenol  ii)^ini*t  li.  pytx'i/nnniK,  K.  itiiMlir/imnui,  and  Slaf*hi/to' 
cocfiu pt/offcneii  (inrcim.  Another  preixiration  of  eresol,  made  by  another 
innniiliirtnrcr  and  examiiifd  hy  S-linrniajfr,'  «]«>  proved  to  be  far 
superior  to  phenol  and  to  n  number  of  the  mure  eommonly  knowo 
orcml  compoiiodii.  A  proprietary  preparation  of  crcsoU,  exaroioed  by 
the  author,'  storilisced  in  o-per-cent.  dihition  in  2  hours,  ctillunM  of 
IS.  fj/plianaK,  typhoid  dejecta,  diphtheritic  membrane  and  tubcrculona 
sputum. 

Arooug  the  more  oommonly  used  cxesol  preparations  may  be  nea- 
tion<.>d  tti«  following : 

Crvolin. — Tbic  in  a  dark  brown,  thiek,  alkaline  liquid,  which  oon- 
tains  alxHil  10  |>er  oenl.  of  ert-soln,  hold  in  solution  by  noap.  and  a 
small  amount  of  phenol.  Mixed  with  water,  it  forms  n  turbid  whit- 
ish emulsioD.  According  to  HQnermann.'it  in  inferior  to  carbolic  acid 
agninat  anthrax  bacilli  and  pUH  cocci,  but  Van  Erniengem*  fcHiod  it 
very  efiective  to  ri-per-cent.  solution  ngainat  pus  cocci  and  the  gvnna 
of  typlioid  fever  and  clioleni,  nml  Lil^it'  found  that  in  the  itame 
strength  it  disinfects  dejecta  rompletely.  Others  have  obtained  even 
more  favorable  rvsultA,  and  the  weight  of  evidcuoe  is  to  tlie  effect  that 
it  is  decidedly  superior  to  phenol. 

Lyaol  is  a  brown  oily  litiiiid  containing  about  50  |)er  ceoL  of  ere- 
eols  with  ncutnil  jKilush  s(>np,  mi^-ible  ivith  water  in  all  proportion*, 
forming  a  soapy,  frothing  liquid,  and  with  alcohol  and  glycerin, 
(iruber*  fuiuid  a  3-per-ccnt.  solution  more  elTectivc  iigaiitvt  pu.^  cocci 
than  a  3-pr-cent.  solution  of  phenol.  Buttersack's '  experimeots  led 
to  the  came  conchmion  and  drmon^tnilcd  altno  its  suitability  for  tb« 
treatment  of  sputum.  Vincent  '  found  it  to  be  a  vuliijible  a^'nt  for 
tilt-  rliHliifi-olion  of  fiwes  and  vault  contents.  In  fl.f>-|>er-cent.  strength 
it  destroyed  Jl.  ti/filiomu  in  fifteen  niinut(«,  and  in  O.So-pcr-ccnl..  B. 
choffrtE  in  seven  minutes.  Its  action  ajijK'ars  to  be  continnoos.  It  is 
much  uaed  in  sur^icul  pmotice  with  excellent  nwiiltji. 

Baprol. — This  is  a  liquid  coittaininK  2"  per  cent,  of  mineral  oil  aod 
80  per  cent,  of  erudi-  <nrl>olie  acid.  It  iit  lighter  than  water,  and  wheo 
tlirowD  into  it  diffuses  over  the  surface  in  a  thin  layer,  which  gradually 
yicld.s  ii.s  active  ingredients  to  the  strata  below,  which,  in  the  course 

I  Arahir  fur  tlvRirnc,  \XV.,  18H,  p.  S38. 

■Cenlniblatt  (fir  Ilaku'riologic,  V.,  1889,  p.  660. 
•Ibiilcm,  VH.,  1890,  ...  W, 

Mbidciu,  xii.,  lanx  p.  -iSi. 

•Ibiileiii,  XI..  189-i.p.  IIT. 

'Arbriten  nw  d«in  luiacrlichni  GnmoillvritMintv,  Vllt.,  1S92,  p.  369 

■AniMltH  di'  l'in»tilii(  Pul«ur,  IX..  18M,  p.  S6. 


of  n  day,  booomc  in]|>n>f;iinted  to  llie  t'lctcnt  of  about  0.34  per  coot. 
In  Uita  iitrengtli,  3oc(in)i»|^^  to  Sch«iirlca,'  it  iWliviys  cholera  bacteria 
in  one  hour.  Kor  tlif  lii^iiifufitiun  of  privy  viuilt:^.  Kcilcr'  ilvtcrminud 
thai  it  niuBl  be  a(l<1ed  to  (lie  extent  of  1  per  c«nt.  of  the  entire  contents. 
In  niixtiim  containing  5  per  cwnt.,  the  siinie  observer  allowed  thut  tlic 
typboid  fever  bacillus  is  destroyed  within  a  few  minutes.  Pfuh! ' 
found  it  to  be  murli  .tii]>erior  in'  a  genend  dti<infcctai)t  imd  deodorant 
to  carbolic  acid,  but  nut  suited  to  the  treatment  of  vault  contents. 
Ijuer,'  however,  found  tliat  1  |ier  cent,  will  disinfect  fwocf  und  urine, 
and  Scheurlcn '  rcportul  thai  for  tlto  disinfection  of  vault  contents,  but 
two  other  agcnta  are  comparable  with  it,  namely,  milk  of  Umc  and 
brude  carbolic  acid. 

Solveol  is  a  concentrated  aqueous  solution  of  cresols  with  Hodium 
cresoiinatv,  conttiinitif;  over  23  per  cent,  of  ortwolti.  It  is  highly  reo- 
ommended  for  use  in  surgical  practice,  being  unirritating  and  much 
\ete  toxic  than  carbolic  luud.  Accnnliu)^  t^i  Hummer,*  it  is  morn 
powerful  in  2-per-oeHt.  solution  than  creolin,  lyaol,  and  carbolic  aoid 
in  2.-1-i»er-ocnt.  mreiijith.  irammerl '  also  found  it  superior  to  carbolic 
acid  and  the  other  crcsol  prcpamtions, 

Solntol  in  a  solution  of  about  GO  per  oent.  of  crc^tU  in  sodium  crvsoL 
According  to  Hucppc,''  it  ts  far  superior  to  crcoHn,  lyaol,  -iolveol,  and 
phenol,  in  which  conclusion  he  agrees  with  lluttcrsaclc.''  HaninKT'" 
aUto  and  oUicrs  have  found  it  to  be  well  suited  to  the  purposes  of 
general  disinfection. 

Alcohol. — Ordinary  alcohol  is  extensively  employed  lu  o  persorva- 
tive  of  organic  material  in  great  variety  and  hence  has  come  to  l>e  re- 
garded as  a  jiowerful  diainfcetarit  an  well  ns  iknliseptic.  Kuch's  ex- 
periments eliowe<l  that  though  the  growth  of  anthrax  bacilli  was 
inhibited  by  1  per  ociit.  and  wholly  sto])jH!d  hy  8  per  ct'ut.,  the  spores 
were  unalTeeted  by  nearly  4  mouths'  ex{)osure  to  absolute  alcohol,  equal 
parts  of  the  same  and  water,  and  laixtun^s  of  1  part  of  alcohol  and  2 
pitrtA  of  water.  Stcnil>erg  and  others  have  slmwn  that  against  some 
forms  of  bacteria  it  is  inefficient  as  a  germicide  in  any  di'grec  of  con- 
centration, and  tliul  in  dilTcrent  strengths  it  iiirects  other  forms  to  dif- 
ferent extents.  Epstein's  "  experiments  led  liim  to  the  conclusion  that 
absolute  aloohol  in  devoid  of  germicifhil  properties,  and  that,  dtlutod 
with  wot«r  to  oO-per-w>nl.  strength,  it  exerts  more  action  than  at  any 
Other  strength.  Considerably  stronger  or  weaker  solutions  show  much 
diminished  power. 

'  Archil-  tflr  Hvgipnii,  XVIII,,  181)3.  p.  35. 
■rbicleiii.  XVlir,,  IS03,  p.  57. 

•ZviUchrifi  filr  llvtri«n«  ijtiil  Itifvclionnkrankhvllen,  XV.,  1883,  p.  ISS. 
•OntnilUatI  fur  l{iikl«ridogit^,  X[l..  1692,  p.  234. 
•Arthlv  fiir  lU-cicnc,  .\I.\.,  1803,  p.  347. 
•tbid«m.  .\1[.;  18(11.  p.  W9. 
']bi.li-m.  XX(,.  ViM.yt.  VM. 
*  Boilinor  klitiiBclie  WiM-hpniichrifl,  1893,  No.  21. 
■Arboilrn  aiw (li>m  kaKurliclicn  Gi<*undtiu!lMiiil«,  VIII.,  1802,  p.  369. 
"■J-ococlUilo, 

"  Z«iWohrilt  far  Hygiene  imJ  [citecnonakninkhvilen,  XXTV.,  189T,  p^  1, 
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Mincrvini '  found  tlmt  nt  ordiiiury  trmpL-nitures,  alcohol  ooil  ill' 
)U)u<>otiii  dilutions  nre  quite  [>owerlees  against  spore- bearers,  even  with 
long  (•xpoeiirc,  !imt  tlmt  u^uiiisl  the  «[>or<;lct>i<  biicl^rin  th^i  ncUon  is 
variable  according  to  the  amouni  of  water  present.  The  idosI  |N>wtrr- 
fiil  notion  WHS  fxi-rtfd  hv  00-  to  "IJ-ixT-wiiI.  alcohol.  Hvutrd  under 
pret^>iure  io  an  autoclave,  the  power  increases  directly  ivith  the  perct'ni- 
ufjc  i*f  wuler.  Many  germici<lf«  which  are  cllective  in  aqnratu  aolu- 
tion  appear  to  lose  more  or  less  of  their  [wwer  in  nlcohol.  Minervini 
found  3  per  oent.  of  carbolic  acid  in  strong  alcohol  to  ih:1  with  undtniin- 
ished  energy,  hut  observed  that  corrosive  sublimate,  nilmte  of  silver, 
and  other  ageiiis  were  more  jiowerful  as  the  percentage  of  alcohol  in 
the  solution  diminished.  According  to  Epst«in,  not  only  carbolic  acid, 
but  corrosive  ciubliinate,  lysol,  and  thymol  are  more  powerful  Jo  &0-^g 
percent,  nlcohol  than  in  water,  but  other  agents  are  wvaker.  ^| 

Lenti '  has  rejKirtetl  that  while  0.4  per  cent,  of  corrosive  ctublimate 
in  ahwiute  alcohol  had  no  elVect  on  anthrax  »i»orc!*  in  48  houre,  U.! 
per  oent.  in  98-per-oent.  alcohol  destroyed  them  in  half  the  time,  Tb* 
Hame  results  were  obtained  witli  10  per  cent,  of  carbolic  acid  ;  in  ab- 
solute nlcohol,  it  was  powerless,  but  in  30-pcr-cent.  alcohol,  it  killed 
them  in  IS  hourii. 

Essential  Oils. — The  volatile  oils  have  long  been  known  to  poaseos 
a  certain  degree  of  antiseptic  power,  but  bacteriological  experiucota> 
tioi)  has  failed  to  demonstrate  that  they  are  very  active  ns  germicides. 
Those  highest  in  favor  are  the  oils  of  peppermint,  eucalyptus,  and  thyme, 
whirh  (v)iilitiu  rcspi-etively  mmlliol,  eut-tihqitu} ,  nrwl  l/iymuL      The  latter 
was  in  somewhat  esteosivc  use  in  surgical  practice  prior  to  187(1.     Jl^J 
is  only  aliglitly  soluble   in  alcohol,  ether,  chlorofonn,  and  fixed  and^^ 
volatile  oils.     By  many  it  hnj!  Ixicn  regarded  as  superior  to  phetMl.^^ 
'Spencer  Wells  mncli  preferred  it  in  his  extensive  exjierience  in  ovari- 
otomy.     .\ccording  lu  Itehring,'  however,  it  Ih  only  about  a  fourth  as 
powerful,  and  Santer '  ranks  it  even  below  salicylic  add. 

Eueti/ypM  jg  pni«tically  insoluble  in  water,  but  soluble  in  alcohol  and 
other  solvents.  Concerning  this  agent,  too,  there  is  much  diversity  of 
opinion,  some  reganling  it  as  vastly  su[>erior  lo  phenol ,  others  as  much 
inferior.  Lister  praised  it  highly.  liehHng  found  it  to  be  about 
e4]ual  (o  thymol.  MenOiol  is  sparingly  soluble  iu  water,  but  frcrly  in 
alcohol  and  otlicr  aolveiita.  It  has  been  highly  praised  as  a  surgicsl 
antiseptic  and  as  freely  eriticised.  Omeltschenlio  *  ranka  the  oU  of 
pep[>emiint  al>ovi-  that  of  eiindyptiiN,  but  tx-low  that  of  thyme.  All 
three  arc  placed  by  him  below  the  oils  of  cinnamon  and  cloves. 

A.side  from  the  couRicting  evidence  as  to  the  [tower  of  the  varione 
volatile  oils,  their  cost  alone  would  be  sufficient  to  restrict  tbdr 
general  use  as  disinfectants.     They  arc  comtiderably  employed  in  vari- 

'  Zvilw-liriFt  fur  HTjficuc  iind  Infi-ciionnkniaklK'ilcn,  XXIX.,  ISPS,  p.  117. 
'Annili  dcll'Utiluto  il'iKicne  MtcriitiirnUiln  \\f\\»  rval*  I'niTMsila  <li  KoMk,  1)1- 
1893,  I..  S15. 

iZeltKhrifl  ffir  Hyf^«ne,  IX.,  181)0.  p.  SOS. 
'OontTBlblatt  furnMRHnlcThemciie,  VI.,  p.  979. 
■CBDlralbUllfarltBfcKTtuIugi*,  IX.,  1891,  p.  813. 


oaoAmc  sVBSTAycES. 


515 


otts  oombinationB  in  moiitli  washes  aod  in  a  Dumber  of  tlecidcdly  ex- 
pensive priipritiljiry  ()iBiiirii-ti|[iti>,  one  ill  Iwisl  of  vrhich,  trated  bv  the 
author,  bus  been  found  to  bo  efficient  in  the  Hterilization  of  tiitienruloiiii 
sputum,  one  of  ihe  few  uses  for  wbieli  iiy  iimnuriic1tiri.Te  miikc  no  claims. 

Soaps. — It  is  well  known  tliiil  ordinury  soaps,  both  han)  and  rioft, 
■re  pos-exsed  of  con.^iderable  bacu-rk-idal  jjowit,  iiivi-»ti gated  firat  by 
Koeb,  wlio  prowd  lliiit  polaeb  soup  in  tlie  proportion  of  1  to  o,O0O 
h«d  a  distinct  inhibitory  effect  on  the  growth  of  niithni:!  bacilli,  and  in 
five  timei^  that  utrenji^h  prevfnl*'d  it  wltogether,  Tliis  action  was  ad- 
mitted by  Kuisl, '  who,  however,  asserted  that  a^^inst  nthtr  kinds  of 
baoteria,  H.  lyphiimix  iin' I'XunipIr,  it  was  tpiite  inert.  In  |J<lt(l,  lieli- 
rioK,*  nfter  experimenting  with  4tl  differenl  kinds  of  x>iip,  pruveil  thiit 
their  disinfectant  [Mtwer  watt  i-onoidcruble,  and  conotnded  that  it  was 
dependent  upon  their  alkalinity.  Koch,  however,  liad  alre-iidy  denion- 
etrat«d  that,  with  equal  dc^reei*  of  alkalinity,  xofl  sotip  wiu  8  times  aa 
jKiwiTful  a,f  p(.)tn»1)  alone,  and  Serafini^  has  pointed  out  that  the  fr**!* 
alkali  present,  even  in  eoncentrated  suajj  tMjliilioni',  ii*  bo  small  in 
amount  that  it  e»n  <-xert  no  diitinfeetant  action  whatever,  and  that 
neither  the  alkali  nor  the  fatty  acid,  but  the  conihiimtion  of  tlic  two, 
ia  the  effeelive  agfiit. 

Nijiund,'  c!<|wrinicntinp  with  a  jmtasli  soiqxfintainJn^  I'J.T  perwnl. 
of  water  and  a  hard  soap  containing  11, ■>  per  cent.,  found  that  the 
former  in  0.24-piT-ccnl.  solution  killed  cholera  bacteria  in  10  minnlcs* 
and  the  latter  in  the  same  tttrengtli  was  ii<it  wholly  i-ffcetive  in  15,  but 
in  0.30-[KT-cent.  solution  destroyed  them  within  1  minute.  The  sanio 
organism  was  used  by  Jolles''  in  testing  five  simps,  all  of  whirh  proved 
to  be  inedicieul.  By  lO-per-cent.  BolutiunK,  the  bacteria  were  destroyed 
witliin  2  minutes  ;  by  4-|»er-ceDt.,  in  10  minutes ;  by  2-p<si^cent.,  and 
in  three  instances  by  1-per-oent.,  in  30  minntcB. 

In  11  later  wrkw  of  tests  with  typhoid  fever  bacilli,  Jollcs*  tried  an 
almost  neutral  soaj),  containing  but  0.0-11  per  cont.  of  frw  alkali,  ami 
with  1  pc-r  cent.,  i<tcnlized  a  bouillon  culture  within  1 2  hours ;  with  '.\  per 
cent,  within  2  botira;  and  with  ti  percent.  In  l/>  miniitcx.  He  showMl 
that  the  action  wn»  much  influcncul  by  temperature.  The  above  re- 
sults were  brought  about  at  lempcratnies  between  A  and  S"  C,  but  at 
IR"  C,  the  lime  which  ehipscil  bt-fore  i-omptctc  Etcrllizaf  ion  was  accom- 
plished was  about  double.  This  result  is  not  in  accordance  with  the 
general  rule  that  disinfcotunla  are  more  active  with  increased  tempera^ 
tiir^.  He  obtiitnt^tl  practically  the  same  results  with  other  varieties  of 
bacteria  and  re|>ort«l  that,  Ix'cause  of  iti*  actiim  on  ihc  moitc  common 
pothogt'nic  forms,  «oup  is  especially  valutible  and  adaptable  for  pre- 
cteely  the  kind  of  work  in  which  it  is  the  most  natural  agent,  that  is, 
in  washing  dirty  and  infected  clolliiiig. 

'InMittiiml  ll1o■i^  Mtinlcli,  \>iVt. 

■ZdUehnfl  rar  llvicicni-.  IX.,  1890,  u.  3UG. 

•Arobiv  flir  llrgipiic,  XXXlll.,  1896,  p.  380. 

"IbWimi,  XVlll..  I81>3,  p.  336. 

*ZeltM'1irift  ITir  Hvifii'iir  und  1iit«clionHkriinkhcit«n,  XV.,  180.1,  p.  460. 

•Iliiili-m,  XIX.,  \m>.  i>.  130. 
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ScraSiii,'  liovrcver,  U  of  th«  opinioa  tliat  in  th«  ordinary  wsshing  < 
olotbee,  suap«  van  «xcrt  but  little  disinrectiun,  bvoiusv  oflhe  mtaij  ic 
flii«nceii,  hnrilneaa  of  tli<>  water  for  example,  whinh  cause  a  dimioudoii ' 
of  tlifir  [diwer.     He  rfconiin«ii<i*  llii>  iiviiiiJimcc  of  soft  aotps  on  bc- 
wjuiit  of  the  presence  cf  nil  of  the  impurities  of  the  fots  and  olkuli 
from  whicli  tln-y  ure  mndc,  uiid  »dvt]>(»i  one  t*>  dUlriut  thp  ordiuury 
colored  soups,  whidi  ure  <iuito  likely  to  contain  roeiii.     If  soap  is  tliie 
eo1u  reliriiicu,  lie  reci>iiuiii.-(iiln  iisiti^  il  in  litmng  solulion  at  .10  u>  40°  C. 
(Sti  to  ]04°  1''.),  tind  immersing  therein  for  u  ninnlxT  of  liount   tli« 
tirtii'Ien  to  he  treated.     Even  with  long  soaking,  Heyer'  rv]>orta 
vsrying  fititiire  of  wjiip  iigiiiust  pus  cocci  and  tlie  hucilli  of  cholera  i 
typhoid  fever  on  clothing  in  hospital  practice. 

livit holler,*  ex[)eriinenting  will)  coinmnn  tiiifV  Hmip  o<*n(niiitng 
of  free  alkali  and  'iJi't  ]M?r  cent,  of  ]Kitassiuin  carbonate,  a  white  .ilmon 
oil  aonp  perfutniKl  with  nilrol)ena)l  and  »>nt»iiiing  0.062  per  cent,  of 
free  olkali,  and  u  putented  potash  soap  containing  0.031  per  cent,  of 
free  alkali,  found  tluit  alt  three,  e%'en  in  l'|)er.eent.  solution,  wen 
highly  cfTi<'ient  agiunHl  cholera  germs  within  very  few  minulos,  am), 
therefore,  reciininiend.s.4oap  as  a  practical  disinfectant  for  dothinj;,  Ra- 
nitiire,  etc.,  during  i -piiliinicit  of  thai  <iiw-ii»e.  For  wiuhing  l>ofiy  aitd 
bod  linen,  furniture,  wood  work,  floors,  etc.,  be  recommends  a  4-  to  &• 
))cr-et'nl.  m>ni  solution  tu  proluibly  efReient  under  all  condition*  aAcr 
from  o  to  10  minutes'  contact,  but  suggests  care  in  avoiding  tlie  oon-^H 
tnoii  commercial  ttoft  soapn,  which  are  fre^piently  nf  |ioor  quality.  ^M 

Experimenting  with  B.  Ii/jjnuni«  nnit  //.  co/i,  he  proved  that  here 
again  the  soaps  [vosseased  a  high  degree  of  power,  though  much  lai^r 
amounts  were  nooi-)!«iiry  tlian  in  the  co«e  of  B.  cholera.  He  demon- 
strated that  a  10-per-cent.  solution  was  necessary  for  the  destructioa 
of  the  typhoiil  g«-rm*  within  a  minute,  and  that  a  Ij-pcr-ecnl,  itolulion 
required  from  3  to  10  minutes  according  to  the  kind  of  soap,  the  soft 
8oap  being  shiweM  in  action,  im  was  true  ainn  against  the  cholera  genii«. 
Against  the  colon  bacillus,  the  action  was  still  slower ;  6  per  cent,  of 
the  almond  soap  required  lo  minutai,  and  the  same  strength  of  [witanh 
Buap  failed  to  ao'iinijili&h  c^iniplete  xtcrilizntinn  in  20.  The  «u[>«rionty 
of  the  almond  soap  suggested  the  possibility  that  its  increased  [wwef  i 
might  l>e  due  to  the  nitn>ben3M>l  with  which  it  was  [Mtrfiimid,  and  ex-j 
perinient  showed  this  to  W  true. 

Against  pus  cocci,  all  tlin>e  agenlii  failed  completely  ;  fibijthi/loracctu 
jiyogniea  uurai*  was  imDnectc<l  by  '20-per-ocnt.  sultitions  at  the  exptn- 
tiou  of  more  tlian  an  hour.  For  tlie  diunfection  of  tlie  handa,  5-|>er- 
«enl.  solutions  were  found  to  be  almost  immediately  eflvctive  against 
cholera  germs,  but  longer  and  more  thorough  washing  is  reoommeDded 
ID  typhoid  infiHition. 

Acoiirdiog  to  Mikulicz,*  tincture  of  green  soap,  the  German  officinal 
Spiritun  mjionatw,  containing   10.2    potavh    >n>ap,   0.8   olive   oil,    Ij 

■  Zoibtclirirt  fiir  llTcii-ne  iiiiil  liifnciiriiukmiiklivilcii,  XIX.,  1806,  p.  130. 
•ForwcbrltU'-iir  Miilioiii.  IWC,  N.i.  I. 
•Anbirfiir  )lvgi«nc.  X.Wn..  1^9A.  p.  3A0. 
'Dsntacho  ineilidiuache  Wocticiwhrift,  Jun«  1&,  1S99. 
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glvoerin,  43  alcohol,  and  45  irater,  is  admirable  in  uodiluted  rorm  for 
stcrilizinf;  Uk*  hamU  in  siirgical  work.  Tlio)'  ulinuld  1h'  nciniblW  for 
a  minutes  vrilh  the  preparation  in  its  full  strtii^tb.  In  liio  eiperi- 
mcnte,  Htn}>it}ilf)*^ief'iii'  pyotjrufK  tiiimm  wii-h  killi-d  in  a  iuili'  minute  and 
8.  p.  all/M  in  a  minute. 

From  nil  the  evidenoe,  conflicting  thougb  it  be  in  certain  rcBpeoto,  it 
mu»t  \k  eviiknt  tliiit  in  Huup  wc  liuv<^'  an  iigi.'Dl  wliicli,  nltli  nil  its  limi- 
lationf,  ifi  entitled  to  very  Reriou.i  coD»i deration,  at  k-aett  an  an  auxiliary 
in  cfimpleir  ilioinfectiun. 

U«dicat6d  So&pg. — In  order  to  increase  the  disinfectant  propertiea  of 
ordinary  noaps,  vurions  iigent«,  including  inercurv  coinjioundH,  rnrlmlio 
arid,  and  thecresol  preparutionE,  arc  incorporiitcd  in  them.  Coni[>iircd 
with  onliiiiiry  sonjM,  these  prfparatii^iis  appear  to  he  of  cloulitfiil  uiility, 
although  in  the  hands  of  irome  vxpcrimentcns  Ihcy  have  yii'Mod  good 
reiiiiltit.  From  an  eitenaive  investigation  of  these  aoaps,  Symes '  oon- 
cludetl  tlint  for  nil  praottcul  purposes  mor-t  of  them  ]K>Bse»e  no  nddnl 
value,  but  that  the  mercury  Hoaps  are  useful  in  the  disinfection  of  the 
lionds.  A  I -per-ccnt.  solution  of  the  biniodiili*  «oap  killeil  pile  cooci 
in  a  minute,  while  the  other  soaps  failed  to  do  so  in  3  hours.  Nijiand  * 
found  that  the  addition  of  diinnfentant8  to  noapii  incrnups  their  action 
in  some  cases  and  diminishes  it  in  othors,  the  latter  t'^pecially  when  (he 
added  HuliAliince  ooniliines  with  the  ordinary  cun!itituentc>. 

Acwirdinjj  to  his  experimentji,  the  most  powerful  of  all  is  the  cor- 
rosive sublimate  soap,  which,  however,  has  leaa  power  than  the  cor- 
responding amount  of  sublimate  alont-.  In  0.003-])cr-cont.  solution  it 
killed  cholera  bacilli  in  water  within  lU  minutes.  liideal'  asserts 
that  the  double  itMlide  of  puta-iFiiuni  and  mercury  hiLH  mtronger  germicidal 
powers  than  corrosive  i^ublimalc  and  is  easily  incorporated  in  the  soap 
stock.  He  ruciimmends  the  admixture  of  I  In  •!  parts  each  of  mer- 
caric  and  potassic  iodide  in  100  of  soap.  "  Potossio-mercuric  iodide 
boa  the  a<lvantage  of  bi'iiig  iwmpntible  with  strong  alkalies,  ■  *  * 
moreover,  it  docs  not  preeipitate  albumin,  and  iv  not  easily  reduced." 
Mef;lintoek  '  tried  to  make  an  antiseptic  soap  in  which  the  mercurj' 
salt  should  exist  unchanged  and  netive  and  foimd  the  double  iwlide  to 
be  the  most  available  agent  in  the  proportion  of  0,5  to  2.0  per  cent. 
A  solution  containing  1  jwr  cent,  of  the  soap  was  found  to  be  fatal  to 
pus  cocci  and  cholera,  diphtheria,  and  typhoid  fever  bacilli  in  one  minute. 
The  soap  attacked  neither  tiiekcl,  silver,  aluminum,  nor  steel  instru- 
ments, nor  lead  pipes,  and  did  not  coagidatc  albumin. 

Concerning  earUilie.  aeid  and  cresol  soaps,  the  weight  of  evidence  is 
clearly  in  support  of  the  iwsertion  that  they  anr  in  no  way  tiuperior  to 
common  soaps.  Many  eonlaiii  no  more  than  enough  to  miike  them 
powerful  in  odor,  which  is  not  enough  to  confer  any  marked  baeteri- 
oidal  power.     Nocht"  calls  attention  to  the  ttolvent  property  of  soap 

■  Kristol  Mill icD-Cliirurgi all  Joumiili  Se^it.,  lOIii). 
'  IjtK'ii  cilalo. 

>raalnfei'tbn  mid  r>l«intt»-(»iit>i,  t.onHiin,  1S9S,  p.  347. 
'  Mi-lknl  Npw^  April  IT,  1B!»7,  j..  48.^. 
'Zciuthrifl  (ur  Uvgicnc,  VII.,  18811,  p.  531. 
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on  rnrlwtic  nciil,  Aliawiiig  thai  at  (Hf  C,  a  -l-iior-cetil.  eolution  oftcap 
will  ditwulvo  i>  per  cent,  und  <IouIjIc  tliiit  8tr«i>j^h  will  diflsolvc  12  per 
cent,  of  carbolic  iu;iH.  He  founil  that  a  cold  solution  of  soap  contniwag 
1.5  percent,  of  ciirbolioacid  wiw  fatal  to  pnx  cooci  and non-«poring  boc- 
terift  in  half  an  hour,  but  reoramends  the  etiiploymont  of  ."J-pT-ivnl.  »a- 
lution  of  u  .j-piTHwnl,  80iip  fur  tlw  tn-ntinpiii  of  clothing,  leather  articles 
and  other  objects.  IteithofiTer  '  found  that  carlmlic  acid  i»  weakened 
by  tho  pre«ei)»>  of  «oap,  and  that  a  Hcd^  itoap  containing  41)  per  cent,  vi 
lysol  n-aa  no  more  effective  agstnet  pu*  cocci,  B.  t-oll  iind  fi.  typhom*, 
than  ordinary  soapn,  and  was  much  weaker  tlian  a  solution  of  lyvol 
ilone  in  the  sumo  lysol  strength. 

In  the  disinfection  of  hand.i  by  meant:  of  medicated  soapp,  it  nitwt  bo 
borne  in  mind  tluit  the  iiddcd  diifinfcctnut  i*  ooniraonly  present  in  in- 
efficient amounts,  and  that,  as  used,  Uie  soaps  form  a  very  weak  itolu- 
tion,  which,  in  the  time  ordinarily  given,  can  have  but  little,  if  any, 
effect. 

Formaldehyde. — Fornmldchydc,  otherwise  known  as  methyl  alde- 
hyde and  oxymctliylen,  the  ifimplc*t  known  componml  of  carbon,  hydro- 
gen, and  oxygen,  was  diiwsoverca  by  Pmfeseor  A.  W.  Hoffmann  in  1867, 
but  il«  germicidal  propertiea  were  in  noway  reoogni/*d  until  Iw.Sti  aod 
not  put  to  pnictical  use  until  I  HO  1 .  It  ia  a  gaseous  product  of  oxidatioo 
of  wckhI  .ik'ohol  made  most  simply  by  pcu^ing  a  current  of  the  alcohol 
vapor  over  platinum  sponge  previously  heated  ;  as  the  vapor  oomes  in 
contact  with  the  incaud<^iic(:nl  platinum,  it  in  oxidized  to  aldehyde  and 
water  (CII,OII  +  O  =  CHjO  +  H,0).  The  conlinufius  curreul  luuin- 
taini4  thii!  incnndeHcence.  On  a  targe  scale,  it  is  produced  by  treating 
the  alcohol  in  copper  tubes  contuining  incandceoent  ooke. 

It  ia  .soluble  in  water  up  to  40  per  cent,  and  makes  a  neutral  sola* 
tion,  but  the  commercial  prcpiirations  arc  usually  dligbtly  acid  in  re- 
action from  traces  of  formic  acid.     ltd  solution  cannot  he  stnjngcr  than 
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10  fK-T  cent,,  and  atlcm[>tfi  to  ooncentmte  it  or  to  condense  the  vapor 
cause  it  (o  polymerize  to  a  white  indistinctly  cni'stallinc  iwlid.  iriuxy- 
mcthvlcn  nr  [inraformaldchydc,  {('jHnOJ,  which  is  almost  insoluble  in 


water,  melts  nt  171°  C,  when  ignited,  burns  with  a  blue  tbime,  bat 
when  gently  heated  in  an  ojM'n  dish,  U  converted  again  to  the  gaseotts 
fonnaUiehydc.  When  the  soluliou  is  heated  in  a  closed  vessel  under 
pnewure,  polymerisation  h  prevented  by  the  presence  of  borax  or  of 
oeutral  salts,  n?  chloride  of  culctnm. 

Fonnaldeliyde  vapor  is  exceedingly  pungent  and  very  irritating  to 
the  cye«  and  nni»:  It  hftit  n  Ktn>iig  affinity  for  innny  organic  sub- 
stances nod  combines  with  ne:iriy  all  foul-smelling  pr<>dnct»  of  deoom- 
positjon,  forming  odorlc-H*!  ci>mp'>und.'t,  and  thus  acting  as  a  deodorant. 
It  transforms  gelatin  in  solution  to  a  tough  transfMirent  .tulMlanee  in- 
•olublo  in  Ixiiling  water,  causes  blood  aemm  to  lose  its  comgul ability  by 
heat,  combines  with  the  pn>ti>]ilii«m  of  biictcria,  lunl  coiivertti  egi:  albu- 
min into  a  substance  insoluble  in  water  and  indigestible.  With  am- 
moaia,  it  forms  an  inert  compound,  hcxiimcthylenletramin,  wb!i-b  lias 

>  ZriEKlirifl  fur  llrKJenc,  VU.,  18«V,  |>.  631. 


odor  of  neither  substance  (4NH,+6CH,O=(CH,),N,+  6H,0). 
It  Ii&a  no  uction  on  copper,  bntH,  zino>  nickel,  eilver,  iivn,  Htccl,  or 
otb«r  metallic  aubataooes,  oausea  no  dimtnutiou  in  the  tensile  strength 
of  r»bn<-«,  and  has  no  blenching  or  other  efTevt  on  colore,  excepting  to 
intensify  the  effect  of  certain  of  the  coal-tar  dyes  (fuchsin,  saffranin,  and 
perha)M  olher«).  It  may,  hnwevor,  Rx  blood,  pun,  nnd  fiot-nl  stains  on 
clothing.  It  has  no  injurious  action  on  clothing  and  other  woven 
fabrics,  fur!4.  articles  of  rubber,  leather,  and  pajwr,  photogmphs,  puiut- 
ti^,  woo<I«-ork,  and  furniture. 

Its  antiseptic  properties  were  tirsl  noted  in  I8ft6  by  I^oew  and 
Fischer,'  but  ite  vnliie  as  a  practiotl  disinfectant  was  first  made  known 
by  Trillat'  in  a  communication  to  the  French  Academy  of  Science  in 
1882,  and  since  that  time  has  been  the  subject  of  very  extensive  in- 
vestigation, which  has  demonstrated  conclusively  that  formaldehyde  is 
by  &tr  the  most  powerful  and  practical  chcmi<»l  disiufcctjint  known. 
In  general,  it  is  used  in  the  form  of  gas  generated  in  different  ways 
from  mt^hyl  alcohol  or  from  the  atjueous  40-])e]^cent.  »olntion,  com- 
monly known  by  the  commercial  name  Formalin,  or  from  the  solid 
|>olymer  trinxymethylen,  otherwise  known  as  parafornmldt-hyde  and 
by  the  trade  name  I'araform.  In  some  procc!<«cs  of  disinfection  and 
deodorixation,  it  is  a|»plied  directly  in  the  form  of  aqueonn  .solution. 

Hethodg  of  Use,  uid  Apparatus. — At  first  the  gns  was  generated  di- 
rectly from  methyl  alcohol,  by  means  of  lamps  specially  constructed  for 
the  purpose.  Tiie  lirst  nf  these  was  dt-viseil  by  Trillitt,  who  was  fol- 
lowed by  Gamhier,  Barthel,  Dieudonn6,  Krell,  ToUens,  and  others,  who 
presented  varioui*  mod ilioit ions  and  improvements. 

In  1896,  Professor  Robinson,  of  Bowdoin  College,  exhibited  at  the 
annual  meeting  of  the  American  Public  Health  Association  u  lamp  de- 
vlsi-d  by  hira,  which,  it  is  generally  agreed,  is  the  best  yet  invented.  It 
[fliHisiBt»  of  a  disk  of  moderately  thick  asbestos,  closely  perforated  with 
small  holes  and  phitinixed  with  n  strong  solution  of  platinic  chloride, 
and  a  cylindrical  dish  u[>on  which  it  is  superimposed.  In  use,  the  dish 
i*  partly  filled  with  methyl  nUwho!  and  the  disk,  at  first  removed,  is 
wetted  with  alcohol,  which  is  then  ignited.  As  soon  as  the  alcohol  is 
oonaumed,  the  disk  is  replaced  and  h  at  a  liufficicntly  high  u-mfHTUture 
to  convert  the  fumes  from  the  methyl  alcohol  beneath  to  formaldehyde, 
and  as  long  as  the  process  continues,  is  tiuilntainod  at  the  |)nipcr  de- 
gree of  hcjit.  But  this,  in  common  with  all  other  lamps  of  the  kind,  is 
open  to  several  objections,  among  which  may  be  mentioned  the  small 
yield  of  formaldehyde,  which  necessitates  the  employment  of  a  large 
number  of  generators ;  the  fact  that  a  lai^,  if  not  the  greater,  jiart  of 
the  alcohol  is  converted  to  carbon  monoxide  and  dioxide,  and  the  dan- 
ger of  fire. 

Trillat,  recognixing  the  defects  of  Iun  own  and  other  lamps,  and  being 
coDvineod  of  the  futility  of  attempting  to  disengage  the  gas  by  evap- 
orating the  aqueous  solution  from  open  ve^sseU,  whereby  polymer  is  aUod 

'  Journiil  fiir  praktbclio  (-'lioinic,  XXXllI.,  p.  221. 
•Compint  ronilib.,  CXIV.,  p.  1378. 
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b  cansed,  attemptMl  to  dcviee  an  apparBltts  in  wbich  tlie  jujuecnu  soU-  i 
tion  coiilil  be  i^nijiloveii  witliout  tb«  oociirrciKW  of  this  undcsirabW] 
phenomenon.  Tbe  outcumc  of  bis  «tu<]y  was  the  autoclaxT  iriiidbf 
Itrarx  lii.t  nnin«. 

This  nppunitut<,  ttliown  in  Ki^;.  92,  cnuifiHltt  of  a  cvlimirkal  nln^j 
lined  pot  of  heavy  copper  of  about  a  gallon  capacity,  until  a  eova  p»t-| 
ing  on  «  nibltor  giuket  and  »ociire<l  by  mean?  of  tum'biicklo.  Ik] 
cover  carries  a  presanre  j^angc,  n  tliermometer,  and  an  oiiild  motrolMl 
by  a  valve  and  termiiuilin^  in  a  narrnw  iimv<  tiiU-.  Tlie  jxri  k  sop- 
ported  on  a  tripod,  and  brneatb  it  is  a  Swedish  lamp,  the  flnraeef  j 


Piu.  82. 


Fio.  93. 


TrtlUl'a  aaUclaT* 


fluiltuT  Cnutnrtian  Ci«i(*^ 
■■BairuoT. 


which  is  fr<l  l>y  vapors  from  kerosene  oil  farced  out  Hy  comprvecF- 
In  the  pot  is  plactd  not  more  than  thro.- fourths  nor  less  th*^ 
fourth  of  its  cnpncily  of  n  mixture  of  the  4y-per-cient.  '*«'If*Vj 
fonnaldehydi'  and  chloride  of  ralcinm,  the  latler  for  tbc  purf**^'*^ 


i^jll 


f 


preventing  polynierijailion  un<Ier  presHtire 
(ains  Ifit)  t;niiuK  of  the  chloride  to  the  liter,  is  known  a* 
chlorol.  The  formaldehyde  Koltilion  used  must  l>c  practically  fr"*^,. 
methyl  alcohol,  which,  while  of  no  practical  intereM  under  o^^'^ 
circumstaneefl,  is  an  objectionable  impurity  when  the  solution  i»  '•*! 
under  pre^ure,  since  then  it  unites  with  a  oorresponding  am« 
fomiiddehvde  to  form  inert  metbylaL 


MSTBODS  OP  VSB.  ASD  APPARATUS. 


firmly  fis«l  by  the  (um-biicklea,  and  then  the  lamp  is 
Ktion.  Wlu'ii  tln^  f!»"K'*  t^l""VK  a  prwjiiin'  of"  thn-e  atmos- 
mtl«t  tube  is  introduoHl  into  the  Ucyholcof  the  <loorof  the 
diiMRlcvtiHl,  and  tho  valve  ik  (gradually  opened  ho  ».«  tn  Tf~ 
por.  The  discngaf^eiiieut  of  the  gas  is  cuntiniied  until  a 
ncuDt  of  the  liquid,  based  upon  the  amount  of  air  space 
wnsuiTKxI.  Acconlifig  to  Trilliit,  in  tht-  wise  of  a  room  of 
e,  say  IS  (ect  iMjiiare  and  10  fmni  floor  to  e«iliii>;,  the  op- 
lid  require  ubout  an  hour.     The  objvctiuns  iirgi'd  iigniii^t 


Flo.  91. 


L*nl*'i  Eaoarator. 


if  apparatus  are  ila  cost,  the  want  of  uniformity'in  the 
r»8  d«liv<Tf<l  within  a  giveu  tiino,  and  the  danger  of  explo- 
w  possibility  of  the  non-working  of  the  valve,  or  from  ob- 
*  one  cause  or  another  of  tht-  outlet  tube. 
ir  of  other  apparatuses  for  the  same  purpose  have  been  dc- 
tD  wveral  of  tliem  these  ol>je<>tionii  <lo  not  apply.  One  of 
)  generator  made  by  the  Sanitary  Construction  Company 
itensively  by  piihlie  aiilhoritie.i.  (See  Fi^'.  !).'t.)  It  oon- 
opptr  rc«t-rvoir,  holding  iiliout  3  ijuartri,  from  the  bottom 
ids  a  quarter-inch  eopper  tube,  nhieh  forms  a  coil  2  inches 
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beloTC  and  then  turns  upward  and  vxtcndH  above  the  lop  of  th«  appu- 
ratii%  where  it  itt  fitted  with  a  rubber  tube  carrying  a  fine  copper 
nozzle  through  which  the  jjiis  is  dclivi^red.  Bi*rieath  tli«  coil  i*  a 
Sweditth  hinip  iiiniilar  to  that  used  with  the  Trillut  autoclave.  The 
fortDaldclivie  MiliUion  is  admitt<.Hl  to  the  hi-jilwl  i-oil  through  a  valve 
and  in  traiiAlormGd  to  vapor,  which  e>icupC3  thniugb  tlio  nozile. 
Neither  prMsnre  nor  the  proseniw  i>f  ottloiiim  tihlorido  Lh  neoea^ary,  and 
the  rapidity  of  action  and  amount  of  solution  used  can  be  deti^rmined 
hv  observing  the  height  of  the  liijuid  in  the  glos^  gauge  nn  the  side  of 

the  reservoir. 

The  apjKirstus  is  very  much  cheaper 
than  the  Trillat  and  similar  aulo- 
clavee.  Another  generator  which 
meets  with  favor  in  that  of  Ijcntz 
(see  Fig.  114),  in  which  the  formalin 
iit  hmted  in  a  retort  by  mean.4  of  a 
Swedish  lamp^  the  ga«  viDer;i^Dg 
through    the   metallic  delivery   tube 

connected  by  rubber  tubing  wilJi  ihe 

nozzle,  which  is  inserted  through  ft^H 
keyhole.  ^H 

In  order  to  avoid  the  nse  of  the 
liqnid  preparation  and  to  employ  in 
its  place  the  solid  polymer  irioxyme- 
tliylen,  or  pnraforro,  the  Scheriog 
lamp  was  devised,  and  in  1897  was 
brought  into  notice  by  Aron.<»a,' 
aAcr  he  hud  made  «  seritv  of  tests 
which  yielded  good  results.  Thia 
very  «im|)lc  and  inexpensive  appa- 
ratus, shown  in  Fig,  95,  consists  es- 
sentially of  a  niclallio  slicll,  not  un- 
like an  o|M>n  piece  of  stovepipe^  sup- 
ported on  legA  and  carrying  in  ita 
upper  part  a  bmsket  mado  of  sheet  iron  and  wire  gauze,  and  nn  nioohol 
lamp  carrying  G  or  more  wioka.  For  convenience,  the  paraform  ia 
supplied  in  the  form  of  postillefl  weighing  a  gram  each,  and  th«M  are 
plaoot]  in  the  bosket  to  the  number  of  2  for  every  .IS  cubic  feet  of 
air  space  to  be  di!^itifeet«d.  The  lamp  is  itupplietl  with  aicuhol  l"  tl»e 
cxieni  of  2  cc.  for  each  pastille.  The  wictcs  must  project  not  more 
than  about  a  twelfth  of  an  inch,  which  i.i  enough  to  give  a  dame  which 
will  ixint  the  basket  and  its  content*  snfficiontly  to  cause  volatilizalioD 
of  the  agent  with  ab.wlutely  no  danger  of  its  taking  fire  and  thus 
yielding  no  funnaldchydc  gas.  By  the  time  the  ulndiol  is  consumed, 
the  p.-ksiillei  will  have  been  volatilized  completely  or  nearly  so. 

8hoiild  the  space  to  lie  treated  be  of  such  size  that  tlie  requisite 
number  of  pastilles  cannot  be  placed  in  the  basket,  more  than  one  ap- 

'ZeiiKlitift  fiir  Urgicne  and  [nfcclionjiknnkhcit^n,  XXV.,  1907,  f.  MS. 
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pnratua  miut  be  itHwl.  This  prnopss  has  the  advanta^^  of  simplicity 
HOil  I'conomj-  of  tiint;.  for  when  thr  a[)piinitutt  Ik  pkoinl  in  imsition  witji 
its  lamp  burniujt,  it  reqiiirea  no  further  altvtition  oii  llic  |mrl  of  tl» 
operator,  who  tlicn,  with  •nhcr  lttm|M,  i!«  enablwi  to  Btart  the  process 
elsewhere  and  thiu  acoompli-<li  much  more  (han  unotlier  who,  oitorating 

Pio.  DS. 


'^: 


Unwlau  gFUcmlnr  imd  l*n>p, 

nn  autoclave  or  similar  ajipfiratus,  is  obliged  to  give  it  conetaDt  atten- 
tion a?  long  lis  the  gns  is  being  generated. 

Still  another  apparatus  is  that  used  in  what  is  known  as  tht;  "Brcs- 
lau  method,"  in  which  the  giis  is  disengugcd  in  company  with  un  abund- 
ance of  i»]ueouB  vapor,  by  boiling  dilute  formaldehyde  Holulion.  The 
uppnrntus  ahown  in  Fip*.  !lli  and  !)7, 

taken  from  the  dpscription  of  the  •'«»■  97. 

meihiHl  by  von  Hrnnn, '  iiirisistsof 
a  copper  boiler  sibout  14  inches  in 
diameter  and  '-i  in  depth  iit  tlie  pe- 
riphery, wilh  an  immovable  cover 
ahghtly  domed,  in  the  center  of 
whicli  is  an  otillol  tube,  to  wliicli  u 
stout  rubber  tube  can  be  attached. 
The  cover  is  provided  al^sii  with 
two  handles  and  an  ori6ce  domed 
by  a  .-iorew  cap.  A  fliuigi-  .Trmnul 
the  upper  Iwnlcrof  ttie  boiler  keeps 
the  latter  in  place  when  it  \^  jiut  on 
ib)  snpport,  which  is  a  cylinder  of 
enamelled  slieet  iron  about  14  inches 
in  height,  pnivi<le<l  in  its  lowi-r  half 
with  slita  for  the  free  entrance  of  air,  and  an  ita  inner  side  with  three 
Bup[>()rt8  for  an  ala>hol  lump,     The  Inmp  is  an  open  dish,  llirough  the 

■  ZcitM-brift  filr  tlfifieiie  iind  Infci-litiiiiikraiiklieiwu,  XXX.,  180S.  p.  1. 
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boUoia  of  which  iu  twn  mix-ontnc  ringi)  are  20  lubes  which  pn^eet 
upwards  ns  hi^h  ns  {he  bkIvs  'if  the  vctM>l. 

With  tliift  ap|mrati)»,  ''{.5  liters  (oenrlir  4  qitarte)  of  fluid  can  ht 
brought  to  a  Iwil  in  10  niiiiiitod,  uiid  iicnrly  the  whole  can  be  evii|M^ 
rated  in  an  hour.  The  amoiiot  of  alcohol  pinwd  in  th«  lump  sliouM 
be  nbutil  ocic-fuurtii  of  llie  vulnnie  of  the  Pi>lnti(in  in  llie  boiler,  and 
this  will  be  consumetl  before  the  boiler  is  empty.  Like  the  Sclicring 
lamp,  tho  H|ipiu'atiH  um  Im  lefi  in  iho  room  or  it  ean  be  used  outude 
with  a  dt'liverv  tube  passing  thn)Ugh  the  kevholf.  In  onler  to  achieve 
tho  l>G3t  resiilw,  a.  dihilioti  of  1  part  of  formaliu  inlh  4  of  water  is 
rticomincndud.  With  this  dilution,  uneuvoiiU  the  |)olym<>riutiun,  ob- 
served  when  the  4((-per-oent,  solulion  is  heated,  which  is  due  to  iht* 
fact  Unit  thf  water  is  <lrivei)  ofl'fiwter  ihaii  the  fornmldehj-dc. 

A  soDiewhut  similar  appanitus  has  been  devised  for  the  Kencrstion 
of  8team  in  ootnieclion  witli  tlic  u<e  of  tlie  Sdiering  lamp,  tt  consists 
essentially  of  a  circular  oopper  boiler,  surrounding  tlic  Schcring  lamp 
and  heatti)  hy  a.  circular  open  altmhol  lamp  whioh  is  t«ally  a  sort  of 
gutter  into  which  a  measured  nnmunt  of  alohol  is  ponrol. 

In  IJ^'JI,  R(wenl>erg '  dpstcribed  and  attempted  to  inlroduoe  a  simple 
fonn  of  lump  for  the  vuporiKnttoti  of  formaldehyde  from  holrin,  a  dilute 
methyl  alcohol  conl»ioing  Wi  per  cent,  of  formaldehyde  and  o  of 
mpiitliol,  the  hitter  being  added  in  order  to  prevent  the  formation  of 
methylal  and  to  overcome  any  tendency  to  explode.  The  method  hua 
l)een  tried  hy  a,  nnmber  uf  ■.•xpennitiilt-r?!,  Imt  the  results  have  not  led 
to  its  extensive  employment. 

A  number  of  inventors  have  devised  method.s  for  spraying  the  for- 
malin itself,  among  them  Lingner,  PrausnitK,  Fltigge,  and  Cniplcwtki. 
The  latter'  disengages  the  gas  by  means  of  a  jet  of  steam  acting  in  a 
conccntnittil  eoUition  of  formaldehyde,  and  pre«eiil«  figure?  showiug  thr 
process  to  be  the  cheapest  of  all. 

In  ISitS,  Schlueenutnn  ^  advoejitwJ  the  ti»e  of  n  mixturv  of  formalin 
and  glycerin,  which,  by  means  of  a  steam  jot  from  an  apporatos  of 
npii-ini  <vin>trnclioi),  I'nn  Ik- diwicmiuatvd  in  the  air  iu  the  form  of  a 
fine  mi»t,  which,  being  heavier  than  air,  is  supposed  to  settle  and  carry 
down  all  the  bacteria  mechanically.  The  mixture  cofltains  10  per 
cent,  of  glycerin  and  is  culled  glyeofurmal ;  the  glycerin  iti  snppowd 
to  prevent  polymerization  as  well  as  to  act  mechanically.  According 
to  Schneiiler,'  the  nildiiiou  of  glycerin  in  wholly  iinne«*«ir)-  and  di»- 
advantJigeous,  since  this  sukitanoe  is  deposited  all  ahotit  in  fine  tlropl«te 
and  m.-ikcM  cleaning  more  dilTicult,  The  prooew  i«  aUo  loo  ex|K>uuv« 
and  has  the  additional  disadvantage  of  leaving  «o  odor  which  is 
Initting. 

Oemticidal  Properties. — The  first  to  note  (he  antiMpticcffeoti 
forma tdehyili^  wen-  I^oew  and  Fischer  in  ltt8(>,  but  thoogh  Locw  ooi 


<  Kelfcbrlft  rilT  HTftlpno  <inr)  InrmlnnNkrankhellra,  X:CIV.,  p,  1897,  48a.j 

'Mutiohvticr  mnliciniiK'lK'  \ViH.'l)riini'1irirt.  IS08,  No.  41. 
'  llcrliner  kliniMJir  WdL-lieqinhrifi.  June  20,  1898. 
•Archir  fur  llTgimo,  XXXVI.,  18W,  p.  13?. 
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tinned  his  obeorv-ationg  for  eomc  months  and  Biiohnor  mid  Sofi^ll  nindo 
a  Eiltidy  of  iL4  unli.^ptic  action  in  188!),  Trilkt,  in  W^l,  wuh  the  timt 
to  draw  attention  to  tho  intportunou  of  tin-  it)^-nt.  Almost  ut  the 
eame  lime  came  a  [lublicalion  by  Aronaon.'  Trillat  rejtorted  tlint 
bouitlun,  infected  with  B.  ttiUhmrin,  was  «t4:rih»cd  hy  1  pitrt  of  formal- 
dehyde in  50,000,  and  that  for  the  prevention  of  decomposition  of 
tnvut  jniii:,  the  agi-ul  acted  as  jiowcrfully  iw  rormsiveT'iibliniitlt;  in  hulf 
the  amount.  Aronson  reported  lluit  growth  of  Jt.  Iitpkoms,  II  anlAi-a- 
cwand  ptis  cocci  in  lKitiiIK)ii  wilii  abiiolutvly  preventiHl  hy  1  part  in 
20,000,  and  very  much  inhibited  by  1  in  40,000.  Then  followed 
other  experimented,  and  within  six  yearn,  formaldeliyde  hail  been  the 
aubjcct  of  more  extensive  invcstigutiun  tlmn  bus  ever  butn  devoted  to 
any  other  germicide. 

With  the  autoclave,  Koux  and  Trillal' reported  that  a  number  of 
pathogenic  bacteria,  including  anthrax  spores,  were  killed  ;  Ji.  tiubtUui 
and  Ji.  mivmtirlfHK  survived.  Riiso,'  at  the  name  lime,  reported  suc- 
cesaful  sterilization  of  a  liirge  number  of  varieties  under  difierent  con- 
ditions in  a  Inrfre  air  Hpiice  (over  2.>,ono  cubic  feet),  u^tiu;;  3  litent  of 
formalin.  Stapliyloeucci  in  the  pocket  of  u  pair  of  trousers  were  de- 
stroyed, but  others  more  prritected  (^tcapeii,  though  the  oolon  bacillus 
between  the  two  sides  of  a  folded  mattress,  apparently  still  more  pro- 
tected, was  killed.  Out  of  a  large  variety  of  sjiecieft  including  anthrax 
spores,  B.  iij/ixynneim,  and  B.  <lfjihllirriir,  the  only  exposeil  or^^nisms 
that  escaped  were  B.  »ul>tHia  and  B.  mivetUericua.  The  dust  and  walls 
wen.'  quite  jiterilc. 

Pfuhl '  found  that  all  cx|)oscd  organisms  were  destroyed  by  the 
Trillat  method,  hut  that  dried  Slajilii/f'n-tHviu  pyoffciiiv  nun-un,  an- 
thrax spores,  and  B.  tifphnmin  under  a  nurse's  apron  and  other-i  under 
a  military  overcoat  were  not  aflected  ;  but  diphtheria  haeilli  dried  on 
threads  and  a  fnvli  diphtheria  wpir  culture  nnder  it  woolen  blanket 
were  destroyed.  Fresh  typhoid  agar  cultnres  nnder  a  blanket  were 
not  kilh'd  :  siupliylococcns  agar  culinrex  wenr  inhibited.  Striivcr,"  with 
a  MQnke  autoclave  much  like  Trillat's,  vaporized  800  cc.  of  formo- 
cborol  in  a  mom  of  hIkiuI  1  ,:^.*>0  cubic  feet  capacity  and,  afler  1 2  huiint, 
found  that  all  orpinisms  winch  had  been  exposed  were  dead,  but  that 
anthrax  ii|M>res  and  IS.  ti/phtmiH  in  a  tight  elnset  and  anthrax  ssjiores  in 
the  folds  of  upholstery  of  a  ehnir  were  not  afrectcd. 

With  holzin,  Ilosenbei^,"  using  about  4  oc.  to  the  cubic  foot  of  air 
space,  sterili:(ed  nil  hiif  test  objects  within  .3  hour».  These  included 
anthrax  bacilli  and  spores,  streptococci,  and  the  bacteria  of  diphtheria, 
cholera,  and  typhoid  lever,  all  on  silk  thn-ads  wnipjH'il  in  blotting 
paper,  placed  in  pockets  and  sleeves  and  under  the  collar  of  a  coat. 
Striiver,'  with  the  «ame  agent  in  the  ."tame  amount,  wa*  not  so  sucoees- 

'  Rerlincr  klininrhe  Woclicnfchrifl,  1802,  No.  30, 

'  Aiinakii  ili^  riiiMiiiiil  i*ii>iWur,  IHflrt,  ]'.  'JUS. 
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fill.  He  exposed,  for  24  hours,  anthrax  (tpor«8  on  ihreadfl  and  ihf  ty- 
phoid fever  bacillus  on  pii-cra  of  Itnvn  ;  iH'itlivr  the  sporm  nor  thv  other 
organioni  protected  by  several  layers  of  cotion  cloth  were  deatrojed. 
In  another  experiment,  luinj;  miirh  h'.-'is  holxiu,  lhi^>  Hiwm  aot  protected 
by  several  layers  of  cloth  were  destroyed. 

Thv  first «x[>criment6  with  piirarurm  pn^tilloA  were  thoee of  Atodsoo, 
who  volatilized  2  pastilles  to  every  35  cubic  feet  and  at  the  end  of  2 
hours  found  tliiit  Iiix  to^t  ohjecLs,  wliioh  iurUuM  anihrnx  spores, 
staphylococci,  streptococci,  £.  /ft/oer/aiifu«,  and  the  ^rms  of  tuberculo- 
aia,  diphtheria,  and  typhoid  fever,  on  ganice,  ihn-aiU,  and  other  ma* 
terial,  were  dt^Klruycd.  He  rGpcnte<)  tlie  test  witli  but  half  thv  aiDVUnt 
of  paraforni  and  again  found  everything  »iterile  exceptinjc  tlie  aullinu 
sporeii,  some  of  which  were  tftill  iietive.  Gehrke,'  living  2  pastillM  to 
each  35  cubic  feet  and  with  practically  the  same  test  objects  as  Aroo- 
soD  had  uiied,  found,  after  24  hours,  tiiat  all  tiint  liad  U-en  cxpcMd 
were  dead,  excepting  the  anthrax  spores.  Fairbanks,*  with  the  same 
amounts,  reportc-<l  similar  rcmultii;  all  exposed  oipini^ms  and  eoaus 
which  had  been  lightly  protected  between  pieces  of  elolh,  and,  io  cer- 
tain iDstaocc?,  olhern  more  oompletely  protected  by  chitli  auti  placed 
Iwtween  bulky  articles,  were  destroyed.  In  one  Mrics  of  tests,  antoi^ 
the  protected  objectti,  only  the  lyplioid  and  diphtheria  organi«in$  were 
kilhil,  hut,  1US  u«unl,  all  the  exposed  germs  were  destroyed. 

In  a  series  of  experiments  by  the  author  at  the  Paibdlo^ical  Lalin- 
ratory  of  the  Boston  City  Hoispiial  in  1897, '  as  a  preliminary  test,  only 
a  fourth  of  the  recommended  number  of  pastilles  were  volatilised  in  a 
small  room,  in  which  were  placed  Kft  ohjectji,  only  oiw  of  which  (a 
smear  of  Dipfoeoenaa  intrardlvlaru  vtaiinffitidU)  was  sterile  ader  18 
hours'  exposure.  With  half  the  reoomnn-nded  number,  the  m-ulis  werv 
better,  but  not  satisfactory.  The  test  objects  iDtroduci-d  were  paper 
smears  of  anthrax  spores,  Slafthi/l'faocus  piioi/etie*  aurntt,  B.  lypkcuttu, 
and  n  very  resistant  non-p.'ttbogenie  si>orv-lK-»ring  hacillits.  Xtier  31 
hours'  exposure,  these  were  found  to  be  sterile  without  exoeptioo,  but 
dust  frrjui  ^■vi^rnl  places  in  the  n.ioui  ^ive  gnivvthti,  though  from  others 
the  results  were  negulive.  A  surgical  dressing,  lyipg  in  a  pail,  yielded 
abundant  growth  before  the  ex]K.Timeiit,  but  later  wai>  found  to  bv  quiia 
sterile.  Two  Petri  plates,  exposed  for  20  minutes  after  (he  room  was 
aired,  showed  7  and  4  colonies  reB|>ectivcly. 

In  the  next  ex|K'riment,  the  full  reeommendcd  number  of  pastUlee 
was  employed.  The  test  objects  were  smeara  of  the  same  or]giuiiaina 
as  before,  but  they  were  mon*  numerous  nml  were  diRerently  disiiowd. 
Some  were  enclosed  in  cotton  Imps  heavily  razed,  some  in  similar  hags 
which  had  had  the  :<izing  removinl  by  lioiling;  sonic  were  placed  in 
Krlenmeyer  flasks,  two  of  which  were  introduced  well  into  the  middle 
of  a  hair  mating.  In  addition,  ii  uumlier  of  moist  dressings  and 
bloody  dressings  enclosed  in  cotton  bugs  were  employed. 

<Z«itJchrin  tiir  llyicipni'  imil  l[irwitoii>l(nink)icitcn,  XXV.,  10B7,  p.  IW. 
'DeuuclwnioilK-iniwtie  Uwlicnstlirifl.  .\i<ril  M,  1898,  p.  943. 
■Ctninilbl«tt  Clr  Itiik(«rioluKi«,  <'{c..  XXIII..  Abtl>.  )„  Nml  I.  3,  and  16. 
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A.ft«r  20  hours'  eipoitinv,  oultiirv»  were  madewliicli  sliowwl  thv.  fol- 
lowing results.  The  smears  in  boiled  and  iinlioiled  l>agA  aod  the  slightly 
moist  drcrtiags,  also  cncloitcd  in  bags,  were  sterile  withuiil  exooption. 
The  wet  bloody  dressings  pave  abundant  growths.  The  flasks  in  the 
toattress  ugrved  in  resultit;  thv  typhoid  nnd  Gbiiihylocwrutt  amount  in 
each  were  sterile,  but  those  of  anthrax  spores  und  the  non- pathogenic 
spore-lH-arer  wi-re  not  iitrcctiil.  Tli<-  ttsiiuc  vtiis  found  to  hi*  the  ca^te 
with  the  smears  in  a  Hosk  lightly  plugged  with  cotton  and  standing  in 
an  open  closet.  All  four  stuean;  in  anollicr  (i[)en  fliuk  {ilaccd  iti  a 
closed  closet  were  unaffected.  Piist  eiilluree  frtttn  various  parts  of  the 
room  were  negative  in  almost  every  vane. 

Before  the  lamps  were  lighted,  3  Petri  plates  were  exposed  for  25 
minutes  and  yielded  respectively  8(i,  124,  and  -y'.i  eoloniefl,  alwut  half 
of  which  in  each  cusi;  were  of  Sfajiht/incoccii"  iiynijrnfK  ii/litm  with  a  few 
of  auretu,  and,  in  one,  of  cUreiu.  Three  more  ]jlates  were  exposed  for 
the  same  length  of  lime  after  the  room  w.i»  nired,  and  tlie  renult 
was  practically  negative.  Two  ooloiiiea  of  mould  developed  on  one 
and  nothing  whatever  on  the  other  two.  A  repetition  of  the  experi- 
.meiit  ft  wc«k  later  with  the  same  number  of  pastilles,  but  with  only  tlie 
original  test  obJMita,  gave  the  .*jmie  negative  ivpuIih.  Prt-liniiuary  dust 
cultnm  ehinvcd  abundant  growths;  aAer  '2U  hours'  cx|Hisurv,  all  but 
one  dust  culture,  and  that  from  a  closed  closet,  gave  negative  tveults. 

Power  of  PenetratioQ. — Certain  of  the  earlier  ex]»crimenters  and  on 
occasional  one  of  the  more  ret.'ent  have  claimed  fur  formaldehyde  a  much 
greater  penetrating  power  ihnn  ciin  be  expliiiniil  by  iniy  hiw  of  phyttic^ 
or  chemistrr,  but  it  is  now  very  generally  agreed  that  while  this  agent 
ia  beyond  doubt  the  mo^t  {xiweriul  and  practical  dixinlictant  we  po»- 
M88  for  large  air  spaces  and  general  work,  it  is,  in  the  gaseous  form, 
merely  a  i^nrface  diMJufeotant  which  wmctimes  does  and  oftcner  does 
not  peneiriite  beyond. 

In  addition  to  the  works  already  (juotcd,  the  fallowing  may  be  cited. 
Abba  and  llondelli '  reported  that,  in  the  interior  of  a  heap  of  clothing 
and  on  objects  covered  with  clothes,  no  sterilixation  was  eflected.  Doty* 
Bays  that  u  «ireful  analysis  of  reported  results  shown  that  it  ciuinot  be 
depended  upon  when  deep  penetrnlion  is  retjuired,  but  for  superficial 
disinfection  of  furniture,  <'lolliirig,  and  fabrics  which  can  be  Imdy 
8prt«d  out  and  cxposi'd,  it  is  of  undoubted  value.  It  can  ulso  be  relied 
upon  to  penetrate  I ett em  andotticr  thin  packages  placed  in  an  air-tight 
chamber.  To  this  last  stutement  nre  opposed  the  results  obtainid  by 
Dr.  E.  K,  Spragne,  U,  S,  M.  11,  S.,'  who,  attempting  to  sterilize  cul- 
tures in  ^e^d^■^^  cnvelopi's  with  the  K in y on n- Francis  diainft-cting  ap- 
paratus, failed  every  time. 

Experimenting  with  ordinary  object*  in  n  vacuum  ohnmlier  heated 
to  flO"  C,  with  a  vacuum  of  l.'j-20  inches,  and  with  much  more 
formalin  than  can  lie  used  under  ordinary  circuinx lances — :JljO  cc,  va- 

■  }{clt*chri((  fllr  Itviti'.Mio  iinil  1  n  fix' [  N  i  risk  ran  kliei  ton,  XXVII.,  I89tl,  p.  49. 
•N>*  York  Mplii-a!  Joiiniul,  UtI,  Hi.  IS97.  |i.  6IT. 

'  (ttLniri  on  Fcjnimldehjd  I>i»infcctiiin  in  n  Vncimni  (.'liamber,  Treosiiry  Depitt- 
Hicot,  WuihinKUni,  Uowniniorii  PriniiDj  Office,  IWi. 


porized  in  58  cubic  feet — tie  fiods  that  he  cunnot  reoonimMid  it  "t 
vrlieii  combined  with  n  liigh  degree  of  heat,  ss  a  disinfectaot  n[ 
which  reliance  can  always  be  pluced  for  the  trentmont  of  article*  re* 
i|niriiig  intirli  iiciii-tiiilion,  enpeciitll)'  when  the  exposure  b  limited  to  i 
half  hour."  Wilson's'  experience  led  him  tu  ri'(K)rt  iidverselj'  i>n  its 
pi-uetralive  pow<-r.  Organisms  prntected  by  the  foUs  of  a  blinkel 
were  nut  killed.  Pfuhl  *  warns  U8  against  exjiecling  more  tlian  it  can 
[lerforra,  and  .tays  that  it  will  always  be  only  a  surface  diAnfectaat 
not  to  be  relied  upon  to  influence  malU'W  oidy  t)lightly  oo%'ered  or  iu 
dnst  which  lies  in  meaaurable  thicknces  in  cracks  of  floors  and  walU. 
He  demands  a  Ie»s  severe  UM  of  a  diitinfectant  than  the  ability  to  de- 
stroy anthrax  spores,  and  aseerta  that  when  forraaldvhydc  in  the  air 
will  kill  .S'(fl;i/i_i//')'wwHjr  pyn^nea  nurtta  dried  on  filk  threads,  other 
ftathugentc  organisms  which  enter  into  house  diBinfecliou,  the  »irepto- 
cncQi  and  the  baeieria  of  cholera,  diphtticria,  tuherouloais,  and  typhoid 
fever,  will  be  dcstroywi. 

It  ia  important  to  bear  in  mind  the  lack  of  penetrating  power  of 
fbmuldcbydc  giu,  since  a  disregard  of  lliis  fact  will  cnuDc  much  !<up> 
poeed  dUinfection  to  be  a  (waitive  danger,  because  of  over-con (idenoe 
in  tlie  results  uctimlly  achievwl.  Ttiercfon-,  in  practice,  all  obrtaolaa 
to  thorough  dissemination  must  be  removed  oa  far  as  la  posaible. 

OontUtlona  FaTorln;  Action. — Concerning  the  influence  of  moiature 
on  the  efficiency  of  formaldehyde  gaa,  there  is  a  decided  differ- 
ence of  opinion.  Abba  and  Iloudelli '  believe  tJiat  dryness  helps  the 
process.  Symiinski  *  reports  that  it  acts  licet  in  dry  nir  with  high 
temperatureii.  Itobinson''  regards  dampness  as  a  disadvantage.  Tril- 
Int  also  believes  thnt  the  presence  of  moisture  makes  tlie  result*  un- 
certain.  On  the  other  hand,  Sirehl 'is  of  the  opinion  that  moisture 
enhances  it.t  action,  Novy  mnintnins  the  same  view,  and  Hiimnurl  and 
Kcrmuuncr,"  commenting  on  the  use  of  paraforni  paatilles,  assert  that 
the  process  U  effective,  if  enough  moistnrc  is  supplied,  and  recom- 
mend vaporizing  four  times  the  amount  of  water  neoesaary  to  saturate 
tlie  air  at  the  existing  temperature. 

The  results  obtained  by  the  author  in  the  experiments  above  mWH 
tioned  and  in  other  te.sls  with  cultures  and  deooloriKi>d  fuebain  solution 
in  tubeH  and  d-iski  stopped  with  absorbent  cotton  led  him  to  the  oon* 
elusion  that  penetration  is  influenced  largely  by  moisture  ;  "  throi^fa 
dry  perviouA  Nnl>^liinecs,  ns  cottiMi  cloth,  abeorlicnt  cotton,  hair,  etc.,  it 
appears  to  penetrate  more  or  less  easily,  but  not  always  in  sufficient 
amount  to  exert  germicidal  action.  •  •  •  In  the  prcawnoe  of  inoiat- 
urc  the  penetrating  power  is  practically  nil."'  With  this  statojDeot, 
Hideal  *  does  not  agree.     He  .tays,  "  Inasmuch  as  the  vapor  u  M  m1- 

'  BfcxiWIyii  MiHlii-al  Joiimnl,  Nov.,  1S97,  p.  741. 
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'  Loco  citaio. 
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able  in  watvr  one  would  expect  that  material-^  previously  moistened 
Would  alMorb  more  of  thv  gati  tliati  dry  tiil>rics,  und  therefore  show 
jgnaixi  effieienoy,  a.<t  I  have  fotind  in  my  ex[H-riineiitM."  Hut  when  the 
fpu  is  ibsorb«d  by  moisture,  it  can  mk  longer  net  us  n  gas,  but  as  n  »f>- 
lution  which  has  influence  in  attu,  and  may  give  off  fumes  to  the  parts 
in  its  iiumodiate  vicinity. 

The  advocates  of  tlie  Brealan  method,  von  Brunn,  Flugge,  and 
others,  tvgard  thi-  riiii(M)mitant  liberiitioti  of  .'■ti-jim  iih  u  iiioNt  ('ftM^ntiat 
part  of  the  process,  on  the  ground  that  as  tlm  niotf^ture  condenses  on 
t)i«  vralh*  and  ooiit*-nt^  of  the  room,  the  p\f>  i*  ithnorlted  and  then  acta 
directly  on  the  object  in  the  form  uf  solution. 

It  is  very  geni-rally  a^rreetl  that  a  high  temperature  ia  moat  oon- 
dncivc  to  good  rt-siills.  Ablxi  ami  llonddli,  Trillat,  Symnn«ki,  and 
others  whose  works  have  been  quoted,  and  Ivanoff'  are  of  ihU  mind. 
Brough,*  whose  experience  in  public  disinfection  is  hirge,  re])urts  that 
low  temperatureg  arc  decidedly  detrimental. 

IttKlcltT. — Fonuuldebydo  i^f  commonly  ri'ganled  ns  non-poi«inons  for 
higher  organisms  under  ordinary  conditions,  and  most  experimenters 
who  ttnve  cunfiiied  auIinaU  in  HpiiceH  nndi^rgoing  di.^infection  have 
reported  no  ]>erm&nent)y  injurious  efTocts.  Aronson,''  in  18!)2,  noted 
the  efTeota  of  tlie  giia  on  guinea-piga  confined  for  an  hour  in  a  strong 
utoKHphera  of  it;  they  showed  grc^it  discomfort  and  unciisinees,  but 
on  removal  9i>on  reeovered  completely.  He  reported  some  results  of 
experiments  by  Zuntz,  who  tictormini.-d  the  fatal  subcnlaneous  dust 
for  rabbits  to  be  0.240  gram  per  kilogram  of  body-weight  In  Aroo- 
«on'i»  later  exjwriments,*  guinea-pigs  and  rabbits,  left  over  night  in 
rooms  contflining  an  amount  suflicient  for  practical  disinfection,  wore 
found  to  be  alive,  and  ou  Ix-ing  killed  showed  no  evidence  even  of 
serious  irritation  of  the  bronchial  mucosa. 

Pottevin '  found  that  a  *i-perK!ent.  solution  in  snboutaneouA  doses  of 
0.2'50  gram  per  kilogram  was  fatal  to  guinea-pigs  in  a  few  days 
and  that  the  inhalation  of  the  vaporn  wo.'t  likewise  fatal  in  2  or  3 
days.  Trillat  says  that  it  is  toxic  only  when  inhulcd  many  hour*),  but 
girea  no  definite  number.  De  Schweinitz  exposed  a  calf  for  five 
nours;  it  showed  n»  pttrticuW  distrcM  and  noon  n-covercd  compIet«ly 
in  fresh  air.  Robert  exposed  guinea-pigs  for  :tti  hours  without  re- 
sulta.  Fairbanks  ex[H>sea  niii^e  and  rabt)il.'i;  E'fubl,  uhitcniioo  ;  I>i>ty, 
iguincs-pigs,  mice,  fowls,  and  insects,  and  no  deaths  occurred.  Doly's 
nme  of  ex])nsure  was  from  ^  to  1-5  hours;  he  noted  o<-casional  evi- 
dcnos  of  iutlammiition  of  the  respiratory  tract,  but  nothing  more. 

Opposed  to  these  negative  facts  are  jioaitive  results  observed  by 
Brough  and  (he  author.  Brough"  hns  repeatedly  found  that  cats  and 
dogs,  accidentally  overlooked  in  rooms  undergoing  disinfection,  have 

> Conlnlblmt  (<1r  Kihu-rioliiKiv.  XXII,.  IHUT,  p.  no. 
•TreoBU.-tmiw  o(  iht  Mn^iichvueUs  Mc<licfll  SotJoty,  1889. 
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*ZailwlmfL  frir  llv^iena  und  InreuttDnhkmnkliuiteii,  XXV.,  18»7,  p.  108. 
'AnnslMdc  I'lwt'itul  i'lutcur,  Nov.  SG,  1801. 
*Looo  duuc. 
84 


beta  unnble  to  survive  even  until  the  door  was  opened.     He  ootea  thml 
flies  are  always  killed,  nod  bedbugs  nl«u,  wlivn  nut  [ir»lec(c-il. 

tu  nil  ev|ierimeiitooiiduol^  by  the  author'  in  a  room  ol'  7,660  cubio 
feet  cupacily,  in  wbich  6.>0  cc  of  Foriniilin  were  vnporixed,  Ivro  mbbiU 
were  left  over  nigbt  in  a  wire  cage.  Soon  after  the  gas  began  to  be 
generated,  bolb  aniiiiub  shinvtMl  slmng  rvidi'iicw  of  di^c-onifurl,  but  at 
the  end  of  1-1  hours,  wliea  the  room  was  opened,  noillier  up[K-urcd  to 
be  much  atlcclvd.  Hut  it  will  be  nolod  [bat  tlie  amount  of  formalin 
used  was  not  large  for  the  air  space  ;  no  moi-c  bad  been  converted  bt- 
csnse  of  the  Imd  working  of  the  generator.  On  the  follnwing  dajr, 
2,150  cc.  of  formalin  were  used,  and  in  itic  inoruing  one  nibbit  WU 
dead  and  the  other  alive,  but  breathing  through  the  mouth  with  great 
diOiculty.  Hv  improved  noticeubly  wttliin  2  hours,  but  died  ^*i  huun 
later.  Both  animals  were  subjected  to  thorough  examination  in  the 
Pntbohigiciil  Ijibonitory  of  tile  Biwttoii  City  HospKal,  from  the  record* 
of  which  tlie  following  tlescriplion,  which  evidences  the  very  extensive 
]K>isonouA  action  of  the  ga*,  i»  taken. 

"  No.  1 .  Section  of  tlie  tongue  showv  nothing  abnormal.  Section  of 
mucous  membrane  of  llie  mouth  shows  d<«r|uamation  of  IIk  surface 
epithelium  with  hemorrhage  and  iufdtnition,  with  lymphoid  evils  in 
the  tisnue  beneath.  Si-ciiim  of  cesophaguh  is  nornml.  There  is  no 
pneumonia.  The  liver  shows  marked  injection,  with  granular  and 
fatty  degeneration  of  cells  around  the  central  veins  o(  lobules.  The 
lym|)hntic  gland  shows  some  dilatation  of  the  lymph  simutc*  with 
hemorrhage.  In  the  kidney  there  is  slight  degenorutioD  of  tlie 
epithelium. 

"  No,  2.  In  the  liver  there  is  cousidonible  ddutalion  of  hepatic  veins, 
vith  some  degeneration  of  liver  cells  in  the  center  of  the  lobules.  The 
kidney  is  congntvd.  Tlic  cpitlielinm  of  tlic  convoluted  tubuli-s  is 
somewhat  swollen  and  granular,  and  there  is  a  small  amount  of  coaga- 
lated  albumin  in  the  capsular  »pacir  of  tlic  glumernli.  In  many  of 
the  convoluted  tubules  there  is  more  or  lees  granular  and  circular 
reticulum,  and,  in  plture^,  des<)unniation  of  the  odls.  The  >plcrn 
shows  a  slight  amount  of  hcmorrhugo  in  the  pulp.  Pancreas  shows 
no  change.  One  of  the  lymphatic  glands  shows  a  marked  degree  of 
<ederaa,  with  formation  of  fibrin  in  the  lymph  stiluses.  In  the  lung 
there  is  intense  bronchitis  with  oonsolidation  extending  into  the  sur- 
rounding  king  tissue.  This  is  more  marked  in  the  very  smallest 
bronchi.  In  one  place,  in  the  center  of  a  focus,  there  are  numbers  of 
short  biu-illi.  The  exiuhition  of  the  alveoli  i^  nliitost  entirely  jmrulent, 
with  some  large  cells  mixed  with  pus.  In  another  place  in  the  liesiie 
there  were  nuinber.t  of  Urge  ))actlli.  There  U  only  a  slight  amount  of 
fibrin  in  the  cicudation.  In  another  portion  of  the  lung  there  vreie 
Tery  much  larger  foci  which  were  filled  with  organisms.  All  the 
b!oo<l  vcs.»i-lif  I'f  ihc  lung  arc  gn-«tly  injeeteii, 

"  It  is  dilficiilt  to  explain  the  absence  of  bacteria  in  the  cultures  made 
from  the  lung  in  the  second  case.     The  general  character  of  the  lesioDS 
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m  both  oases  sbows  tlir  iictton  of  n  soluble  chemical  poieoii  on  th« 
HlOTfr  The  diniigr^  are  iniicli  mnre  luark^l  in  th<^  .^pooml  canu  than 
in  the  first,  but  in  botli  tlicy  arc  of  the  same  general  elinmcter." 

Iti  aiidihcr  cx]>erinicot  in  uhich  t)ic  vuliimv  of  fonualin  vaporized 
wofl  not  sufficient  to  dpatroy  more  llinn  u  smiill  proportion  of  the  test- 
obj«ctt<,  a  lot  of  ronchea  in  a  glass  Oisti  covered  with  wire  gaiue  were 
killed,  and  in  others  ertniliicled  in  ii  jrhw!*  niliinel  in  whieli  sninll  vol- 
times  of  formalin  were  vajMrizwi,  Hies  were  verv  quiekly  killed. 

Anouat  Necessary  for  Boom  Dlstnfectlon. — ^Tlie  iinioiiiit  of  f<irinKl- 
dehyde  Deceseary  to  tiisinfcct  any  given  air  space  depends  very  much 
Bpon  the  tlioroii^linesK  with  which  the  escape  of  the  gatt  in  prevented 
during  the  time  given  fur  action.  Under  onlinur}'  conditions  and 
with  the  obwrvance  of  all  reasonable  precautions,  it  is  generally  agreed 
that  for  each  thousand  cubic  feci,  u  pint  of  formalin  or  about  GO  pa«- 
tilles  of  paraform  ought  (o  suffice.  Strflver'  would  use  iH  pastilles 
per  1,000  cubic  fact  iigainitt  spon-liws  hnoteria,  but  in  pnicticul  disiii- 
fectioQ  one  cannot  always  discriminate.  Fliigge '  advises  that  in  stnall 
roonu  contuining  the  usiml  amount  uf  furuiinrc  the  nnmlwr  uf  pitstille^ 
I>e  inoreased  from  2  to  'J.o  per  cubic  meter,  or  to  72  per  I,UOU  cubic 
feet. 

With  the  Brralau  method,  it  is  claimed  (hat  Ica^  than  half  a  pint  of 
formidin  (litO  cc.)  will  ."luffioe  for  1,000  ciihio  feet  with  7  lioui-s'  ex- 
posure. Xovy  *  also  is  of  the  opinion  Ihiit  in  the  prcirncc  of  cinllicient 
moisture,  even  le.>9  will  be  found  aileqtiat* ;  namely,  I'M.  Provided  the 
gas  is  prevented  from  csunpiug,  there  cvu)  be  no  doubt  that  tlie  smnller 
amounts  are  effective  within  much  leas  time  than  that  usually  given  in 
prsctieal  work.  In  a  serieH  of  exix-riment-o  in  a  pmetieally  air-tight 
glass  cabinet,  using  as  test-objects  smears  uf  anthrax  sjiore^,  Hlaphyhj- 
ooeeiM  pi/oi/'iirM  tutram,  a  highly  resislant  non-patlmgentc  .■* pore- bearer, 
and  tltc  bacilli  of  diphtheria  and  typhoid  fever,  the  author  found  every- 
thing sterile  after  two  and  a-half  hourn'  e\(>osiire  to  an  atmottphere 
containing  the  equivalent  of  110  cc.  formalin  in  1,000  cubic  feet. 
Using  it  in  the  ratio  of  about  a  pint  to  the  1,000  oubio  feet,  the  same 
rcitult  wrw  iittaincl  in  less  than  a  liiiif  hour. 

IHfiad vantages. — The  principal  disadvantage  observed  in  disinfection 
by  formaldehyde,  iwide  friim  itc  cjwt,  whieh  is  considernbh*.  i.*  the  iitrong 
odor,  which  is  sometimes  very  ])ersistent,  especially  when  much  moisture 
is  prest'nt,  and  which,  except  under  very  unusual  oondilions,  i.i  jilainly 

Ecrceptible  uulside  the  room  in  which  the  gns  is  discngiige<I.  Usually, 
owever,  this  is  a  tran.-tieiii  trouble  and  is  met  by  thorough  aeration. 
If  deemed  advissible  on  the  score  of  wiving  time, and  wlic-n  the  i;iis  has 
been  absorbed  bv  the  condensed  moisture  un  the  wallc  and  funiiture,  it 
can  be  ncntruliziii  by  mennB  of  Hinnionin  water,  which  may  lie  cxiMi»ed 
in  the  room  in  shallow  dishes  or  vaporized  from  a  flask  or  other  appa- 
ratu-iand  conducted  into  the  room  by  nu'auH  of  an  nutlet  itdie  through 
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the  kcyliole  of  thfi  door.  Flll^v  rvooromendt*  ihc  liitlcr  ni«ihcKl  And 
advi&cfl  the  use  of  abuiit  I'iH  <.'c.  of  tlio  'Jo-pvr-cent.  eulntioa  to  each 
100  i!c.  ol'  foriniilin.aiid  '-iHl  cc.  ti>  each  KHI  ]iiL->t>ll»4iir|ii!irnform  UMtL 
Artidef)  t>f  cUitliiiig,  s(tinb<l  fiiriitluiv,  iiiiil  ttic  liku  must  otherwise  re- 
quire KnniPiimos  several  days  of  airiog. 

Tochnic  of  Room  Disinfection. — .Si'  iiiiilvr  Practical  DUiofeotioo,  ftigft 
636. 

Other  AppUcations  of  Formalin. — Iti'siili-n  iu  tw  in  itiv  (nuitxi^  slate 
fur  hou'^e  ili^iiilVctioii,  formiiUIcliydci  iii  tho  form  of  its  w|iieouti  solution 
i*  wvll  :i(lii|it(Hl  to  the  itterllixalioii  of  iiritii>,  ficcot,  Mfiutttni.  ami  otbtr 
waste  )inHluct!i,  fiirnitiirL-,  wtxidwork,  t4>ilet  urticles,  and  oth«r  objects, 
and  it  i.t  alM>  vnhmlde  as  a  dcodoranL  In  the  liiitinfiTlion  of  uriDO^ 
the  addiltiin  uf  a  fi-w  dri*|v«  of  fi>rnmlin  to  a  quart  will  be  found  to  pro- 
duoe  iilbnlity  within  an  hour.  Tiibcroulnuii  .tputiini  and  diphtbcritie 
tavmbnuK-t,  cowrt-il  l>y  »  .fiinicicnl  volume  of  n  niixinrc  of  about  one 
and  a-linlf  tahlesjwonfulfl  of  formalin  in  a  quart  of  water,  are  slerilized 
witliin  two  hiiunt.  Liquid  !>tooU  [>lui«  an  <^i|iial  volume  of  the  tmme 
mixture  are  completely  disinfected  within  tht  i^aine  [>er!od.  Walter' 
."tlaU.-:*  thiit,  with  tliis  strength,  fiece.i  are  dinxlnriiu-d  in  ]  tninuir,  and  that 
treated  with  10-pcr-«cnt,  solution,  they  arc  sterilized  in  10  tninulaa. 
He  Htate.4  aUn  that  a  3-|)cr-ooDt.  solution  applied  to  tlie  hands  d(>«trnyii 
all  udhercnt  or^inisnit  very  quickly,  <«pi-cinlly  if  mixed  with  alcohol. 

The  mixture  above  mentioned  ia  very  clfieieni  as  a  wash  for  furui- 
turv,  wo<»lwork,  and  other  objn^ts,  for  spniying  carpets  and  woolen 
clolliing,  etc.,  and  for  soaking  ber|  linen  aod  other  washable  fabrioa. 
A.  tal>l«*poonful  to  u  cpiart  of  wntor  will  n.>nio\*e  all  odor  from  tba 
hands  after  uutop«ie«  and  will  deodorize  otJier  parte  of  the  bodjr  to 
which  it  may  l)e  applied. 


Preventdon  of  Disaemination  of  Infectioas  Haterial ;    Practical 

Disinfection. 

Even  with  the  l>eftt  disiinfeotanlH  available  atid  with  the  cxerrist  of 
thi?  tr^E^^tcst  care  in  ihcir  application,  practical  disinfection  ia  by  no 
nil'  rn^  :iluayA  eiTeciivo  in  preventing  the  transmission  of  infeettve  n^ 
teriul  lu  new  fertile  ground.  Hence  it  is  advisable  und  neocffiary  to 
keep  the  infected  area  as  small  as  possible  and  Ut  prevent  the  aoi-timu- 
lation  of  infective  malcrinl  hy  dc-iiroying  it  continuously  and  as  qtitekl/ 
ns  possible  alter  it  is  tiiruwn  off  by  the  body.  With  the  exercise  of 
du«  care,  the  wiwte  products  which  act  as  vehicles  for  the  infective 
agenta  of  our  common  and  occasional  scourfEcs  may  be  so  e0eoti\-dy 
dcnlt  with  from  hour  to  hour  and  from  day  to  day  as  to  make  llie  aAar- 
treatment  of  the  room  and  its  contents  somewhat  of  a  mere  form,  carried 
out  wi  a  matter  of  routine  practice,  or  in  order  to  make  KUunDOS 
doubly  sure. 

According  to  the  nattire  of  the  disease,  these  agents  reside  in  dU- 
diargcs  from  thv  mouth,  noi»e,  and  thnuit  (diphtheria  and  pertuaeis), 
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IB  tputiini  (puImoDST}'  tiilwn'tilosix,  influenzn,  ntid  pnciimoiiiA),  in  dio- 
titATf^  from  the  bowels  llyjiltoid  fever,  ctioleni,  dysentery,  and  tnher- 
nikwis),  in  (tie  iinnc  (typliuid  fever),  iind  in  mntlvrs  tliruwn  offliy  (lie 
skin  (aeiite  exantJtemata).  Therefore,  the  course  to  be  puraiicd  during 
the  continniiiioc  of  u  i«it.'knM»  or  (H>iiviileecenoe  viiries  nccnrding  to  the 
nature  of  the  diseajw. 

The  liiiiitulion  of  the  iiiftKited  Area  and  of  the  aiiionnl  of  mnttTial 
which  niuy  require  disinfection  on  the  terminnlion  of  the  diHciue  should 
he  a  nuttt4>r  for  immediate  action  on  the  discovery  of  the  e:()ittencc  of 
thp  discufic.  Th<;  patient,  c«|>ccially  in  the  catc  of  tlie  uonte  cxsnthr- 
roala,  shuuld  lie  placcil  in  a  rtiom  which,  if  possible,  luay  be  isolated 
fiTnii  the  rest  of  the  luxiec,  and  from  which  all  unncccwnry  furniture, 
especiallr  of  the  upholstered  kind,  hangings,  carpets,  and  rugs  have 
b»ii  removed.  Dii^infeclnnt)'  fur  the  prompt  treatment  of  infective 
matter  should  be  kept  imuiedialely  at  hand  together  with  a  sufficient 
numlH-r  of  nppMpriiitc  vcmx'Ik  and  utensil.'*. 

In  order  to  prevent  or  restrict  the  cjirriage  of  living  organisms  from 
the  room,  ingrcK^  ^ihonlc]  hi'  dented  to  all  whose  presence  is  unnecew^ary ; 
tlic  wearing  of  other  than  cotton  and  linen  dresses,  that  is,  sniooth- 
surfaccd  un<l  washahle,  by  the  attendants  shnidd  l>e  interdicted  ;  no  food 
Kmnimlcrs  §houId  Ijc  taken  away  to  !«.'  consnmiil  hy  othcm  ;  no  nxeij 
bed  linen  or  Ixxly  linen  removed  until  after  ininu-i>ion  in  disinfectant 
wlucions,  anil  no  discharKca  finally  di-iiMwd  of  until  after  appropriate 
treatment.  Should  it  be  necessary  to  use  the  hrooni,  tlie  dust  should 
Iw  kept  down  hy  the  use  of  wet  sawdurt  or  tea  leaves,  whioh.  with  lh« 
gathered  dirt  and  dust,  should  l>e  treated  with  disinfectant  and  bumol. 

Under  iio  circuniKtiiiicc-H  can  the  pnuN-.''.^  known  a.''  "  duitting,"  which 
is  merely  the  scattering  of  dust  through  the  air  from  surfaces  where  it 
wan  at  rcDt  and  u|>nii  which  and  eWwhere  it  will  again  lie  deposited, 
be  nllowctl,  hut  such  fiurfiiccs  may  Ik  wijictl  with  eluthos  muistoncd 
with  or  wniiig  out  in  disinfectant  .tolnlion  and  afterwards  soaked  and 
Iwilcnl.  Acciirding  to  spjison,  the  windows  should  be  provided  with 
wire  screens  to  keep  out  fliet^,  which  not  only  are  an  annoyance,  but 
through  their  hahil  of  visiting  all  manner  of  vxeretn  and  uther  filth,  act 
as  carriers  of  infection. 

Disinfection  of  Fasces. — The  fiiMcImrgei*  from  the  boweU  in  the  dis- 
eases typhoid  fever,  dysentery,  cholera,  and  intestinal  tubcrculosia 
ahoulrl  Im>  retieivi^l  in  vc^xKels  containing  an  amount  of  disinfectant  »o- 
lution  equal  to,  or,  better,  larger  than  the  probnhlc  vulnmc  of  the  dis* 
cbargcft.  Whatever  the  agent  uwd,  il  nut^t  be  bronghl  into  inimi-diate 
contact  with  the  entire  mas»  nf  the  discharge  by  llnirriiifjh  mixinj;,  and 
llie  whole  should  stand  niider  cover  for  about  an  hour  before  final  dis- 
pocilion.  >(ilk  of  lime,  though  cfTieicnt.  leaves  a  bulky  residue  whidi 
oannot  he  conveniently  dis|>osod  of  through  the  usual  channels.  Chlo- 
rinated linic  is  also  cfticivnt,  hut  if  disugrecjibU-  in  uilnr.  OirriHtive 
BUhlimale  is  unsuitable  for  reasons  elsewhere  stated.  Phenol,  in  .l-per- 
cenl,  solution  with  or  without  the  n<lilition  of  mineral  aeiiU  or  cnnimon 
nit,  and  the  vurioiis  cresol  disinfecTtants  may  be  employed,  but  thetr 
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atrong  odor  U  not  bIwaj-h  tnlerahle  to  the  patient.     Dilute  foriDslio 
presents  no  objoctiitiis  and  is  vor>'  vfHcii-nt  and  mpid  in  action. 

TTrine. — In  typlioid  fever  snd  tnbcrculads  of  the  urinary  tract,  tlie 
urine-  shoiiKl  Ik-  st(-rilizc<l  Uy  the  nddition  of  iiu  efpial  volume  of  a  5- 
per-nent.  eolutiou  of  chlariiialed  lime,  ciirbnhr  ueid,  ur  one  of  ihr  rmol 
0(>m|K>ui)ds,  but  bt-tu.-r  bj'  the  addition  of  about  a  fortieth  of  iu  volume 
of  formalin. 

Sputum. — lu  pneumonia  and  pulmonary  lulwrculfisiii,  the  sjmtum 
should  III'  ruecivwl  iu  spit-cupH  |«irtly  fiUwl  wiih  diftinfiX'tiuil  Nilution 
and  kept  wivcred  when  not  in  actual  use,  II  may  be  treated  with  5- 
piir-ct-iit.  carbolic  uci<l,  or  about  5  per  cent,  of  any  of  tlic  orpswl  com- 
iKiunds,  or  I  jwr  cent,  of  formaldehyde.  Milk  of  lime  and  chloriimted 
lime  nri-  al.-4o  c-flicieut.     Corroiiivc  niibliuiali)  in  very  iinoertain. 

By  reiLsun  of  its  comtirttpncy  and  adht-sive  propertite,  sputum  is  one 
of  the  moNt  diflioiitt  luiiU-rials  to  .sti-rilixe.  It  la  e.'ipocially  dangerotn 
as  it  may  contain  large  numbers  of  entangled  bacteria,  which,  on  dry- 
iog,  may  be  diHseminatetl  by  air  currents. 

Discharges  from  Mouth, etc. — In  diphiberia  and  pertiw'<i«,  nl!  di«- 
i.'h!ir);c>  fi'oiu  thi^  mtiiitli  and  tliroat  should  be  received  on  pieces  of  rag 
nliicii  should  be  bunicd.  The  diphllieria  organism  retains  its  vitality 
a  long  time  i»  the  dry  slate  and  so  may  exist  in  the  air  of  the  room,  lif 
particles  of  false  aiembriine  wbicb  hnp]>cu  to  l>c  thrown  out  in  cough- 
ing or  ttnec-/,iiit;  are  allowed  to  dry  on  walls,  furniture,  and  elsewhere. 

Eating  UteosilB,  etc. — ^Vll  eating  ulennil^  n.'i<-d  by  patientit  witli 
pnoumunia,  diphtheria,  pertussis,  the  exanthemata,  and  tuberculosis 
should  be  well  scalded.  .\11  napkins  should  be  treated  in  the  aaow 
manner  as  iiifccte^l  ImhI  linen.  All  remains  of  mcala  should  be  d^ 
Stroyed. 

Bed  IJnec  and  Clothmg. — In  any  cose  of  sickness  in  whicli  tsoU- 
tjou  is  advisable  or  i»  which  the  morbi6c  agent  is  known  to  exist  in 
the  bowel  <lii«--harge»,  all  used  binly  linen,  bed  linen,  towels,  nnpkitM, 
wash  cloths,  handkerchiefs,  etc.,  even  if  not  obviously  soiled,  should  be 
immenKK]  for  lui  hour  in  di.iinfi^^nt  Hobitionit  and  tlieu  cimvi^yvd 
under  cover  to  the  laundry  or  other  suitable  place  and  boiled  for  an 
hour.  Should  the  organi-sm  Hurvive  the  firat  treatment,  which  e^'Cnt 
with  proper  care  Is  unlikely,  it  will  [)erish  in  the  Mcond.  Should 
there  be  no  fiecal  or  other  stains,  the  Imiling  m.ay  be  carried  out  with- 
out the  pri'liminiiry  Mniiking,  1ml  in  mi  aiw  ii'hould  the  articles  in  a  dry 
stale  be  removed  from  the  room  except  under  cover  or  wrapped  in  a 
•heet  wetted  with  an  efficient  disinfectant. 

In  scarlet  fever,  for  example,  tlie  niorbiBc  agent,  whatever  it  may 
bo,  IB  exceedingly  tennoiouH  of  life  and  resides  in  tlie  fine  ]iarl4clc8  of 
epidermis  which  are  continually  cast  off  by  the  skin,  and  it  is  easily  ooD- 
eeivahle  that  an  armful  of  linen  from  a  cii^in'  of  this  di»e».«e  might  slMd, 
in  its  journey  to  the  laundry,  a  number  of  dust  particles  capable  of* 
much  mischief.  Xeither  lime  nor  chlorinated  lime  mar  be  tucd  on 
clothing,  on  account  of  probable  injury.  Corrosive  sublimate  1 ;  1,000, 
pbenola  aad  cresoU  in  5-per-eent.  solution,  and  formaldehyde  in  1-per- 
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OmL  9olution  tniiy  he.  adviwid.  Oolorcd  goods  are  wmetimM  nfTcctod 
Ht  !«omc  of  the  eresol  compounds,  but  to  no  greater  extent  than  may 
be  fiauftwl  by  nixliiiary  bundry  miap. 

Haada. — In  the  nureing  of  cases  of  infections  dij/teaae,  the  goiling 
ftod  infection  of  the  haiidt*  i.s  fFoqnvntly  iinu  void  able.  A.flcr  evorj 
e  of  tbe  \xti  p*a,  every  wiping  away  of  discharges,  ever)-  handling 
of  the  patient's  body,  and,  in  sh<irl,  afV-r  every  act  by  which  the  hands 
nay  ln^vmir  ioft-cted,  ihey  should  he  washed  immediately  and  thor- 
ughly,  though  not  necessarily  with  timt  thoronghneits  which  is  so 
«9><-iiLial  in  »ni^ical  prnctiw!.  Ordinary  soap  and  water  treatment 
Kfaiiultl  be  supplemented  by  the  application  nf  some  more  powerful 
dt*! n fectant.  (?arhiilic  acid  and  thf  oresols  may  serve,  but  thi-y  kyivc 
UD]>lcasaut  smell  and  have  sometimeit  an  unpleasant  effect  on  the 
in.  Formaldehyde  in  3>per-c«nt.  solution  is  cfEcientT  but  whea  ap- 
plied frequently  causes  a  hardening  of  tiie  epidermis  which  is  far  from 
agreeable.  Corroriive  Auhlimale  1  :  1,000  i«  oflicit^nt  and  iU  use  has 
m  drawl>ack«.  Schcnk  and  Xaufal '  recommend  the  use  of  sand  soap 
fei)1i>w«d  by  immeraion  in  corrosive  sublimate  1 :  1,000,  as  hot  as  the 
huida  can  bear. 

Air. — A II  attempts  to  disinfect  the  air  of  the  Mck-room  in  the  prea- 
Bwe  of  the  (mticiil  aro  wlmlly  futile,  for  the  prt'fWncc  of  enough  of  any 
iiemical  disinfcclaut  to  have  any  cSect  on  the  bacteria  present  would 
ouse  the  air  to  Ix!  irrc-^pintble.  It  ia  n  common  practice  to  place 
iboiit  the  roomdishvs  containing  carbolic  acid,  permanganate  solution, 
dilorinatcd  lime,  iodine  and  other  agents,  and  to  rinspciid  sheetii  wrung 
out  in  all  kind*  of  active  and  inert  solutions  in  the  vuiu  ho{M;  that 
fterebT  the  air  is  made  better  for  the  patient  and  incapable  of  tjans- 
6rring  infection  to  others.  Whether  the  agent  used  is  a  true  disin- 
fectant in  any  strength  whatever,  and  whether  the  sheet  ia  continuously 
sronly  inlenniuenliy  wet,  do  not  appwir  Ut  ent<T  in  any  way  into  the 
question  of  cfSciency.  Ordinarily,  anything  sold  in  the  shops  at  a 
high  price  and  under  a  label  alleging  not  iufre<inently  the  imjHMsihIc 
will  be  accepted  without  question.  But  it  may  be  safely  asserted  that 
no  dtunfeotant  known  can  be  of  the  slighte-flt  service  when  used  in  this 
way,  and  if  this  is  true  of  the  disinfectant,  it  must  be  of  the  sheet. 

Hach  can  be  done  to  remove  the  well-kno(vn  disagreeable  sick-rooio 
uiwll,  dne  to  the  vxcrda  and  to  matt<'rs  eliminated  by  the  Iinipi  and 
■Ido,  but  all  hope  of  producing  sterility  of  the  air  should  be  ahan- 
dnued.  If  patliogenic  organisms  ant  present  in  the  air,  a  much  easier 
■ad  more  reasonable  method  of  dealing  with  them  is  that  of  thorough 
■Entioa,  and  this  is  one  of  the  most  im{)ortant  parts  of  treatment  in 
fmeral.  The  germicidal  properties  of  sunlight  must  also  not  be  ovcr- 
liukeil  when  it  is  possible  to  make  use  of  this  important  aid.  If  good 
Ttntilation  is  not  enough  to  kwyi  the  uir  sweet,  the  old-fnshionfHl  pas- 
tilles, containing  benzoin,  may  l»e  employed  as  occasion  demands,  or 
•nr  or  two  juiniforni  |uiAtilles  may  be  »luwly  vohiLiliiuid  in  a  small 
lamp  for  ihe  purpose.     In  very  small  amounts  in  the  air,  the  gas  is  io 

'  Uunohencr  ■ucdk-inucliv  Wocbeowhrili,  April  10,  1900. 
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DO  way  diiixgreenble  or  irritating,  sdiI  nets  very  [>owi>rfitlly  u  tt  dco- 
donutt>  Dot  by  !)U|i)kIaiiliDg  tlie  nmell,  but  by  d«&traying  it  by  cltemica) 
uDion. 

Boom  Disinfection. — Not  until  the  t^^rmination  of  the  disesse  or  tbc 
rcEDuvnl  ot'  tlic  jiutifiit  :>lioiil(l  llio  di?>ititi.'<-tioH  "f  iho  xirk^rooin  and  itl 
oontent^  be  atltmpled.  This  is  not  such  sn  wsy  matter  as  is  ooid- 
monly  sti[i[Hiscil,  niiil  nitich  ku)i))o.hc<1  dlxiiiffction  i»,  t>y  roftwai  of  m 
lack  of  thumughnes'i,  no  l>pttcr  ihuu  Done  nt  all,  or,  indcvd,  vmrev,  br- 
ainm  of  iiiidcM^rvtil  uotifidt-noc  and  uiifoiindiHl  nenae  of  snfMy.  Ev<en 
witli  the  ntmost  rare,  one  cun  hardly  cxjjoct  aW>tHtc  perfection  nf  re- 
ftullti,  though  in  ideni  diAinfeoiton,  every  micro-organ iiini  iirp.svni  should 
be  destroyml.  FU'io^,'  who  has  devoted  mnch  lime  auu  study  to  the 
question  of  house  disinfection,  nvera  that  with  any  process  hy  which 
90  per  cent,  of  the  |iiitho^-n«  pre«enl  nn*  d^-stroycd,  one  nliould  ht 
content,  and  that  no  procieHs  practicable  will  kill  all  of  them. 

The  pnx'i-ifM-s  iriiployeii  up  to  within  very  rorwit  year*  nr»  notori- 
ously inadequate,  and  the  far  superior  procesees  in  use  to-day  may  yei. 
be  made  more  pi'rfeut.  Houite  di.xin  feet  ion  it*  ofteD  most  insullicieot, 
even  when  what  liiis  been  done  hae  Ix-en  curried  out  with  ever^'  car« 
and  under  most  favnnible  eomiitinns,  since  it  is  the  usual  practice  to 
dti<infei:l  unly  the  particular  room  which  the  [Kiticnt  hiu  occupied  dur- 
ing his  sickness,  without  regard  to  the  fact  that  all  the  connecting 
rooDH,  tiallwuys,  and  distant  [Ktrts  of  the  house  may  have  become 
infected. 

'I'he  open  <lonrwny  opjvwrH  nn  un^oiMi  ohKtA<-le  to  tlic  panage  ot 
minute  dried  particles  of  false  membrane  or  epidermal  scales  floalinc 
in  tlie  air,  oor  are  these  attracted  to  and  retained  by  the  intcrposea 
sheet  like  particles  of  iron  by  a  niu^Det.     Even  when  the  door  is  closed, 
tliere  are  air  currents,  now  one  way,  now  the  other,  under  it  and  abo^-e 
the  ihrMboId.     Infective  mnterial   may  be  carried  in  one  way  anil 
another  hy  members  of  ihe  family^  visitors,  attendants  and  even  by  ^j 
the  patient  himself  to  various  purta  of  tJie  house,  and  the  rooca  ia  ^^ 
which  ho  has  lain  ill  may,  by  reason  of  proper  attention,  he  the  least  in-  ^i 
fected  one  in  the  bon»i',  but  yet  in  onliiiary  pmelice  it  is  the  only  oiM 
treated.     Frob.ibly  ofU'uer  than  nnl,  much  more  than  one  room,  and  io 
not  a  amall  proportion  of  caws,  the  whole  house,  kbould  receive  alten-^^ 

The  existing  methods  of  room  diunfection  comprise  medtaoical^^ 
treatment,  direct    application   of  dinnfectant    solutions  as  8pray   or 
washes,  lil)eration  of  gnmeous  agents,  and  combinations  of  all  three. 
The  brwid  pnirt-jw,  devised  hy  I'iimarch,'  eon)<i»ls  in  rnhbin};  the  walb^y 
with  pieces  of  bre»<l,  to  which  bacteria  adhere  with  gnat  tenacity.  ^| 
This  iH  not  appliciible  to  nmgh  walls,  and  when  ttw>roughly  and  pntp-  ^^ 
erly  done,  involves  such  an  amount  of  labor  and  material  as  to  be  ex- 
ceedingly  ex|iensive.     The   bread   pieces,   tog«-lher  with   all   crurotia 
which  break  otT  and  fait  to  the  flour,  are  carefully  removed  and  dc- 

•  Kell»<-lml\  for  M7|[l(>n»  iiixl  InfMiIon^kmiklidlen,  XXIX.,  1890,  p,  ST6. 
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alroyed  by  fire.  For  the  rest  of  the  room  and  it*  contetitu,  other  proc- 
tsees  nrc  n4.-ccw>ary,  indiulin^  m-nibliitif;  with  soH  wiip  nrxl  niitor, 
vinpiog  with  diBinfectanini,  and  Iransportalion  of  certain  articles  of 
ckitliitig,  rnriiituro,  bedding,  etc.,  tu  \\w  public  <li»inrL>i;tiDg  Nation  to 
be  treated  by  t;teflm. 

The  Riothod  of  treating  walU,  ftooni,  f'liniitiiri-,  and  eliithing  by 
spraying  with  sohitiuni^  ul'  nuTciiric  chloride  and  other  agents  coni- 
PWDdit  itiielf  in  csonie  ([Uarters  and  mil  in  olliem.  Aeeording  to  Riclcal, 
3u,0UI)  hotLsett  in  Puris  n-erv  di«intW-tu<l  by  means  of  sublimate  spray, 
t :  1,000,  in  181(3,  and  a  still  larger  numlK-r  in  ISiM  with  8ati»>faetory 
results  and  with  no  had  efTectji  from  the  [H>ison.  It  wpijenrs,  however, 
according  to  later  evidence,'  that  a  Dumber  of  the  eniph>yfw  of  the  dis- 
infecting »c)iiad  hiive  nhown  symptoms  of  mert-nrinl  poisuning,  and 
Rideal  mentions  cas<.'S  of  salivation  in  India  attributed  to  corrosive 
sublimate  wash  for  floors.  The  spraying  piiwcn!!,  whi-tlier  salislaptory 
or  not  and  whether  dangerous  to  heulth  or  not,  is  not  quick  and  involves 
Other  trejttnii-nt  which  ei>n.iunies  time  and  addw  tu  the  ex|>en!*i'. 

Tiic  ideal  disinfectnnt  would  Ih-  n  gns  with  no  destructive  or  dis- 
agreeable at'.tion  on  anything  hut  micro -organ  isms,  capable  of  jwnetrat- 
ii^  materials  by  which  they  arc  hidden,  and  acting  with  greut  <]iiiek- 
nesB.  Such  an  agent,  it  Is  safe  to  sav,  will  never  lie  dit^eovered,  for, 
rvcn  though  the  other  i'L'({uirenientH  may  Im-  met,  it  i»  improbabU-  lliat  the 
physical  law  governing  ditfusion  will  ever  be  modilied  hy  any  gas  as 
yvt  undisixivered.  Gaseou.4  diMnlVction  must  ever  be  superlieial  or 
nearly  so,  and  must  be  af«i!>^tcd  by  other  methods  to  bring  about  the 
bcpt  re^ultv.  Gaaeoua  disinfeetanU*  wliieli  exert  any  injurious  influence 
on  the  objects  trniti-d  ninnot  be  lolcratt-d,  and  it  happens  that  this 
obuw,  which  includes  chlorine  and  sulphur  dioxide,  has  been  found 
Granting  in  efficiency. 

Formaldehyde  gas  approaches  more  nearly  the  requirements  of  the 
ideal  disinfi-ctnnt  than  any  thus  far  trii-d  an<l  i.i  rii])idly  supplanting  all 
others.  lu  its  applieation,  no  matter  how  it  is  generated,  whether  fmrn 
formalin  or  pamform,  it  in  eiLtenlial  that  every  ohittaele  posaible  shall 
be  interposed  against  its  r§cu]H-  from  the  space  under  treatment  and 
that  all  objec-ti*  within  that  space  ^lall  be  so  disjHised  as  to  present  as 
much  of  their  surfacTi  as  ]>'i»«fib!e  lo  itsaition  ;  and  even  then,  absolute 
ptrfwtion  of  results  cannot  be  attained.  Fliigge  '  relates  that  twice  he 
prcparwl  a  smnll  rmnn,  oontaining  but  little  furniture,  by  phieing  jiatho- 
genie  organisms  on  marked  locations  and  had  the  local  disinfecting 
squad  perform  their  ullice  under  careful  ii>u]H-rvinion,  and  in  With  in- 
stances lliund  thill  n  fair  peri^nlngi" "f  the  hiieleriu  e8ca|n'd  destruction. 
He  siiggefits,  with  good  reaMon,  that  in  routine  practice,  ihe  re.iults  must 
ordinarily  be  far  lc«s  favonildo. 

For  the  attniument  of  the  licst  results,  the  various  articles  of  furni- 
ture must  be  moved  away  from  the  walls,  all  articles  of  clothing, 
blankets  and  other  textiles  must    be  suspended    freely  on  lines   or 

■  Jonmul  of  :^tc  Mdlidne,  IV.,  ISIW,  p.  H& 
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clotlies-liorses,  the  pockcU  of  ctothing  turned  inside  oui,  and  all  cracks 
and  ntWr  oiitleu  trarcfully  stopped  with  wet  cotton,  putty,  ftdhesire 
paper,  or  otlit-r  Euiluhk-  nrntfrinl. 

Particular  attention  must  be  paid  to  the  complete  closure  of  all  ialet 
nud  outlul  rvgi»t«r» ;  those  in  the  walU  i<h<>ul<l  be  pa.->ted  over  with 
Btont  paper,  and  those  io  the  floor  may  bu  so  treated  or  oovcrwl  with 
tliick  doth  wnin^  out  in  Huliliinate  Kolution  or  diluted  formalin. 
Loosely  fitting  window-sashes  may  be  made  tight  by  mraiis  of  wooden 
wudges,  and  the  rraftkii  around  them  properly  stiiffe<l.  If  there  is  a 
stove  in  the  room,  its  doom  and  opcuings  for  flraOs  mii^t  l>e  securely 
sealed.  Open  fireplaces  and  Franklin  stoves  require  complete  closure 
of  tbcir  fluo-outlet«.  The  dtxire  of  all  elii*ct«  and  cuplfoards  and  the 
drawers  of  all  bureaus  aud  cabinets  must  be  lelV  open.  All  soiltil 
planes  on  the  wiilN,  floor,  and  furniture,  p»^ibly  due  to  infective  ina- 
t«rial,  should  be  wetted  with  formalin  or  sublimate  solution. 

When  the  rnom  has  been  properly  prepared,  the  generation  of  the 
gas  may  be  begun.  If  paraform  lamps  or  the  Breslaii  iippuiratUM* 
are  employed,  the  operator  leavo-t  the  room  and  stops  the  crack  under 
the  diK>r  with  wet  cotton  and  closes  the  keyhole  wilh  a  gunimiil  Libel 
or  with  putty.  If  an  autnela%'c  or  other  similar  apparatus  is  employed, 
the  flopping  of  the  keyhole  of  the  door  is  noewwuirily  deferred  until 
the  generation  of  the  gas  is  completed.  The  room  is  thca  left  un- 
opened over  night  or,  if  the  process  i»  begun  in  the  morning,  through 
the  day. 

On  the  expiration  of  the  required  time,  ammonia  in  the  necessary 
amount  is  vaporized  through  the  keyhole,  or  the  room  is  entered  at 
onoe,  the  windows  thrown  open,  and  free  oi^ration  established.  In  the 
latter  case,  the  operator's  eyes  should  be  pn>teete<l  by  elowly  fitting 
gobies  and  ho  should  hold  his  breath,  if  possible,  until  his  object  is  OKy 
coiuplished.  If  nmmonia  is  employed  to  neutmlize  the  gas,  the  room 
will  be  sooner  inhabitable  than  otherwise,  especially  ifstuim  has  beeo 
gtm('rnli.!d  ^imultjineoiisly  with  the  gat,  n.<  advocated  by  Flilgge,  for 
aeration  may  require  many  hours,  and,  in  some  cues,  days,  to  rid  the 
room  of  the  odor.  Tiiis  is  a  mutter  of  exti-eme  importance  with  people 
of  smiill  means  living  in  limited  spaces,  who  cannot  nffonl  even  the 
temporary  inconvenience  and  expense  of  finding  outside  aocommoda- 
tiouH. 

Mattresse>  whieh  h.ive  been  polluted  by  soakage  of  urine,  and  ex- 
creta, thick  elotliing  and  other  nrtielejt  which  do  not  lend  thcmsclvea 
to  superficial  gaseous  disinfeotioa,  require  treatment  by  steam  in  tlu 
special  appnratU'«-«  dc-tcribed  on  »  preceding  page.  Straw,  oorn-hosk 
and  "  excelsior  "  mattresses  should  bo  <lilfi'rently  trcjiteil.  Their  con- 
tents should  he  removed  and  burned,  and  the  ticking  snaked  in  disio- 
fectants  and  boiled.  Stuffed  furniture  covered  witli  wo%'en  fabria 
ahould  he  taken  out  of  doors  and  be  well  beaten  and  left  exposed  10 
the  air  and  direct  sunlight.  If  upholstered  in  leather,  il«bou)a  be  well 
wiped  in  all  the  orevioes  with  olotlis  wrung  out  in  sublimate  aolntion 
or  diluted  formalin. 
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Icavy  clothing  und  other  fahrics  are  Bometitiies  «icnt  to  be  treated  by 
tJio  li»nn-iie  pn»i'i'*i,  in  the  Iwlii-flliat,  by  ihiii  muirMtnot  only  are  grease 
spottt  rcmovcfJ,  but  that  sterilization  is  afiected.  Rupp,'  however,  baa 
pointed  out  that  in  the  oniiiinry  henxcite  procc^,  pun  oocwi  and  the  ba- 
cilli of  typhoid  fever,  anthrax,  diphtheria,  and  tuberculosis  arc  not  de- 
stroyed. 

Dianfection  of  Books. — Books  are  extremely  diffiuult  bo  sterilise 
with  certainty,  on  account  of  the  protection  that  Ls  given  to  bacteria  by 
the  juztA[tn»t>d  yiAgff.  UnboiiiKl  book*  may  be  subjected  to  tri-atment 
by  steam,  but  this  proceea  ia  not  suited  to  buitud  volumes,  because  of 
its  eiTt^t  on  the  glue.  For  Ixfiitid  bonkx,  tlie  only  tivitilublc  dl^infic^nt 
is  formaldehyde,  but  even  this  agent  is  not  efficient,  unless  the  leaves  are 
60  disposed  that  the  gas  con  have  acce8.i  to  every  page.  Books  of  value 
will  require  very  thorough  and  repeated  treatment,  but  those  of  small 
value.  Known  to  have  bi-en  probai)ly  or  po-isibly  Irifi-ctod,  are  best  de- 
stroyeil  by  fire.  If  formaldehyde  tr>.'atment  is  deemed  advisable,  tbcy 
should  be  placed  on  edge,  vfith  the  leaves  opened  as  much  and  as  freely 
■8  jMWwblc,  and  subjected  repeatedly  to  the  ootlon  of  the  gas  in  a  tight 
closet  or  bos. 

Disinfection  of  Water-closets. — Water-oloset  ImwU  may  l>c  treated 
wtU)  dilute  formalin  or  o-pcr-cent.  Bolution  of  the  cresol  preparations. 
The  woodwork  around  and  near  them  may  be  washed  willi  the  .same 
flgenta.  Sublimate  solution  should  not  be  used  in  plumbing  fixtures^ 
on  aocouQt  of  its  action  on  h-ad. 

'  CoiTCfpimiii- mill  all  filr  SohnvizcriKhp  Amtc,  ISOT,  Ho.  19. 
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QUARASTINK  i#  n  term  of  widi-  signifiration.  Derived  from  the 
Freufli  qutiraritr,  forty,  its  ori^nal  nienning  lind  rcferenec  to  tlwr  niltn- 
Ijcr  of  (liiyi*'  deti-iilion  to  which  vcssclf  and  their  |KT9oi»nel,  arrinng 
frDin  pluccs  iiif»-ted  ur  suspected  of  being  iiifccti-d  with  the  plague, 
were  aubjeoted  in  pincefl  »ei  apart  for  the  purpose  to  insure  against  the 
iiitrodnclitin  of  the  disi-ni^c  into  the  cimntry  or  port  of  arriviil. 

The  usual  definitions  of  the  term  which,  in  a  eomposite  form,  may  be 
given  lis,  "  Thi*  enfurwd  det*.'Dtion  of  ve»wd:«,  tlioir  personiwl,  and  mr- 

es,  arriving  from  infected  porta,  or  having,  or  being  8unpo6«d  to 

ve,  cftses  of  ocrtniti  infectious  diitease*  on  btiard,  and  interaiction  for 
n  fixed  pGrio<]  of  time  of  all  communication  tliorewitb,"  arp  wholly  tD- 
adcrpiati^  nuder  pri'wnt  (•<)nditti)ns,  Fiir  more  ac-ctirale  and  cooipre- 
heufiivc  is  thiit  given  by  Dr.  Walter  Wyman,  U.  S.  M.  H.  S.,  "Th« 
adoption  of  restrictive  meaaiires  to  prevent  the  intJX>dne(ion  of  diaeasM 
from  one  country  or  loeality  into  anotlitr,"  for  the  orifnnal  meaning  is 
now  quite  lost.  Tn-day,  we  sjwak  of  port  qnarantine,  land,  inteKtale, 
milfuiKl,  municipiil,  house,  and  room  (|iiariintinc.  Kt'olrictivc  mcB*- 
ures  are  not  adopted  solely  against  human  diseases,  but  against  tfaon 
of  the  tower  unimitl)'  (eattle  qunrantitie)  and  even  of  eertaio  fruits  snd 
other  important  crops. 

Thi-  iiet-e.-4.tity  of  restrictive  meoKurea  in  certain  cases  has  long  been 
reeogniw-d  ;  in  fact,  in  the  case  of  leprosy,  from  i-arlicst  times.  The  fint 
enaotinent  providing  for  the  detention  and  iwlalioQ  of  travellers  from 
infocicd  placc»  dates  back  (o  the  finetrnth  year  of  the  Emperor 
Justinian  (A.  D.  o4'2),  but  quarantine  in  the  modern  sense  bad  tU 
origin  in  the  fourteenth  century  in  Iliily  whiTC,  on  account  of  the 
ravages  of  the  plague,  local  authorities  at  different  times  adopted  pre- 
ventive mciuure:>.  Thuii,  Florence  and  Venice  in  1348;  Lombsrajr, 
1374;  Milan,  1399. 

Tlu-  firrtt  nmritimo  r|uarantine  waa  inslituled,  in  1403,  a(  Venice. 
A  hutnret,  the  house  of  8t.  Lazarus,  wait  founded  on  a  smnll  iiJand,  and 
all  periwins  from  the  I^evant  were  there  detained  for  40  days  before 
admiiwton  to  the  city.  The  restrictive  measure*,  cnforcet]  at  Mediter- 
ranean  porta  and  elsewhere,  were  for  many  years,  and  at  some  places 
now  are,  inmfimniiihh-,  liun^h,  uBcK'tf,  nnd  n  gn-at  injury  Ui  trade. 
Most  of  the  leading  countrich  have,  for  a  long  time,  been  strongly  op- 
pOMt-d  to  the  oppniU>ive,  arbitrary,  and  irrational  (luarantine  mcaxurea, 
and  have  now  adopted  rules  and  regulations,  which,  while  effective 
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&r  iu  can  be  hn}>ed  for  or  expected,  impose  the  least  poaoible  burdens 
upon  [KTitonal  lilicrLv  ami  triuU*.  Tlic  iiiin^;<;r  ii«  catimiitvil  according 
to  the  condition  of  b«ulth  of  tlie  port  of  departure,  aud  this,  with  ibe 
HUiiUtrjr  tiUtory  of  the  v<;!<»til,  ii|i  lu  tho  lime  of  arrivkJ,  dctvrmiuea 
what  measiimi,  if  any,  are  to  be  taken. 

The  periods  of  detention  an:  fixi-d  with  n-fi^reiiw!  to  the  probable 
inculmlive  period  of  the  dtN«!fl8e  in  qucgliun,  and  queiitiong  of  necessity 
of  disinfection,  and  of  nielhody  to  be  folhiwwl  in  earrvinj;  out  the  gninc, 
arc  drlemiincd  by  the  circumstances  of  each  individuni  c^ise.  Qiiur- 
antines  administered  with  reason  do  invnluable  work  by  sifting  out 
infection  tiinl  prottictinff  the  public  b»ilth  from  exotic  dieciisea,  vrhich, 
in  the  absence  of  precanlionary  raea-Huros,  might  easily  gain  acee»s. 
At  tiie  same  time.  Uiey  act  in  rcatniint  of  trade  to  the  slightest  possible 
extent,  since  healthy  vessels  are  not  unnecessarily  detained. 

Unfortunately,  not  all  <iunninti»e.'>  are  adminti^tered  with  reatton, 
and  it  ofWn  happens  that  great  injustice  and  unnecessary  expense  are 
cauMxl  by  absurdly  tenacious  iidbertnce  to  exploded  theories  and  niiilitie 
practice.  j\a  an  example  may  bo  cited  the  C4ise  of  the  Hdenc,  a  Ger- 
man vessel,  which,  arriving  in  an  English  port  in  August,  1S!)3,  with 
two  cKscA  of  cholera,  wiut  disinfccteil  and  given  free  pratique ;  nine 
months  later,  she  was  refused  pratique  at  a  South  American  port,  be- 
ftuse  in  Knglnnd  hIh?  luui  not  Ihvii  held  for  a  dctinite  pi;rii«l  at  quar- 
antine. As  an  example  of  quarantine  absurdity  of  a  minor  character, 
but  indicative  of  what  might  l>e  ini]MiM.Hl  in  case  opportunity  prcwnled 
itaclf,  may  be  cited  un  ex)KTiencc  nnth  the  municipal  sutborities  at  a 
Sontliern  pi^rt,  who  required  thoi-oiigb  disinfection  of  a  barrel  of  car- 
bolic acid  lx;fore  it  was  nlioweil  to  be  liiii<icd. 

The  first  action  taken  by  any  official  organization  in  this  country 
lowking  to  the  uttabliMhmcnt  of  a  uniform  sy.item  of  quarantine  regu- 
lations was  at  a  conference  of  boards  of  health  at  Philadelphia  in  1857, 
called  on  ai^oiint  of  the  excitement  canned  by  the  breaking  out  of 
yellow  fever  at  Bay  Itidge  in  the  previous  year,  but  In  spite  of  this 
and  other  attempts,  the  various  ([narantines  of  the  conrilry  wen-  admin- 
ialered  with  no  uniformity  until  alU-r  the  paesagi-  of  the  Act  of  Feb- 
ruary In,  IHS.'l,  entitled  "An  Act  granting  additional  quarantine 
[>oweri«  and  imposing  additiorml  diitioH  ujton  the  Marine  Hospital  Ser- 
vice." This  act  established  a  national  system  of  quarantine,  but  in  no 
way  limit^'d  State  and  niunici|inl  authorities  in  their  right  to  prescribe 
and  enforce  additional  measures,  and,  indcc<l,  it  i»  beyond  the  power  of 
Congrais  te  interfere  with  local  authorities  so  long  as  the  minimum  re- 
quin-mcnt!<  of  the  luilional  law  are  wmijillcd  wtlh.  Divested  of  legal 
verbiage  this  act  is  in  snbstanoe  as  follows. 

Quarantine  Law  of  1893. 

Section  I  niaki.«  it  unlawful  for  a  vessel  from  a  foreign  port  to  enter 
any  port  of  the  United  States,  except  in  accordance  with  the  provisions 
of  tlic  act  and  with  such  rules  and  regulations  of  State  or  ninniciQul 
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health  authoritiei)  made  iu  the  pursuance  of  or  onnsi»<tent  tlM4«with, 
iimkT  pennlty  of  iiut  oicccding  9'^,000. 

Bectioii  2  provides  that  a  vessel  at  a  foreig^i  port,  clearing  for  any 
port  iu  tJie  Unitvd  States,  iihitll  obtain  fruto  the  eomolur  or  medical 
officer  of  the  United  States  at  that  place  a  bill  of  health  in  duplicate, 
in  the  form  prcticrlU-il  by  the  8<^^cn'liirj'  of  the  Treomiry,  M-tting  forth 
its  Esnit;try  history  and  condition  and  that  it  has  complied  with  tlie 
jlc.t  luid  ri-gulations  prescribed  for  securing  the  best  Mnilaty  ooodi- 
Dn  of  the  vessel  and  its  cargo,  paasengcrs  and  crew.  Penalty  for 
olearing  and  sailing  without  iiuch  bill  of  health  and  onti'nng  any  port 
of  the  Uuitwl  f^tiiti'»,  not  cxix-eding  $'},0W.  By  an  amendment  ap- 
proved AugHst  18,  1S94,  it  is  provided  thai  the  provisions  of  tliiit  sec- 
tion «hall  not  apply  to  vcMwU  plying  between  foivign  port«on  or  near 
the  frontiers  of  the  United  States  and  ports  of  the  United  Slates  ad- 
jacent  thereli>.  But  tlie  Secretary  of  the  Trwisiiry  is  inithori«yt,  wh«i, 
in  his  dii^cretion,  it  is  expedient  for  the  preservation  of  tlie  public 
health,  to  eetabliah  regulations  governing  such  veoivls. 

Section  3  dirccl(<  the  Supervising  Surgeon-General  of  thi>  Mariite 
Hospital  Service  to  cooperate  with  and  aid  State  and  niunici[ml 
boiirdH  of  hciillh  in  the  exwiition  and  enforcenicut  of  the  nilcft  and 
regulations  of  such  boards  and  of  those  tnade  by  the  Secretarj'  of  tl»e 
Trca.«ury  to  prevent  the  introduction  nf  contugioiiB  or  infectious  di^ 
ciHses  into  the  United  States  and  into  one  Slate,  Territor}',  or  the  Dis- 
trict of  ('Olumhia  from  another. 

It  provides  that  all  rules  and  regulations  made  by  (he  Secretarj'  of 
the  Treasury  shall  operate  uniformly  and  in  mi  manner  di8<rriminsf 
ngniniit  port  or  phux-.  Where  no  Stnte  or  municipal  quarantine  re^- 
Utious  exist,  and  in  the  opinion  of  the  Secretary  of  the  Treasury  ai* 
nec<#«iry  to  prevent  the  introduction  of  such  diseases,  and  where  ei- 
istini;  regulations  are  in  his  opinion  insufficient,  he  shall  make  sucb 
a<lditioiial  nili's  and  regulations  a.-*  he  may  di.-eni  neccMari',  mid  they 
shall  bo  enforced  by  the  respective  sanitary  authorities;  failing  which. 
the  President  shall  execute  and  enforce  the  fuime  and  adopt  8iicli  mcfts- 
urca  as  in  his  judgment  are  necessary,  and  may  detail  or  appoint  of- 
ficers for  that  purjmse.  The  Secretary  of  the  Treasury  sluill  make 
sneli  rules  and  regiihitinns  im  are  nccc»isary  to  be  obeerved  by  vessels 
at  the  [lort  of  departure  and  on  the  vovage  to  secure  the  beat  aanitaiy 
condition  of  themselves,  their  airgoes,  piiucngers  and  crew*. 

Section  4  makes  it  incumbent  on  the  Supervising  Surgeon-General 
of  the  Marine  Hospital  Servtw  to  |K-rform  all  tlir  duiici'  in  n^pi-ct  to 
quarantine  and  qtmranline  regulations  and  lo  obtain  information 
through  Consular  officers  of  the  sanitary  condition  of  foreign  porta 
and  pInctM«  from  which  contagious  and  infectious  diseases  are  or  may 
be  imported  into  the  United  States.  The  Secretary  of  tlie  Tn-agtiry  ts 
re<|uiri-d  to  obtain  through  all  available  sources,  including  State  Bod 
municipal  sanitary  authorities  throughout  the  Unifil  States,  wedtty 
reports  of  the  sanitary  condition  of  {lorls  and  places  within  the 
United  States,  to  traiisniil   to  collectors  of  customs  and  to  State  awl 
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manicijat  health  officers  and  other  sanitarians  weekly  abstraota  of  the 
oon«ulur  Kiinitarv  rcportti  and  otliLT  pcrlitieiit  inrorniatioti  rcoMved  by 
him,  to  procure  through  all  available  sources,  public  or  private,  infor- 
matioii  rciatiiif^  to  elimatii*  an<l  ol.hi^r  MiiidiliiiDH  atlectiDf;  the  piiblie 
health,  and  to  make  an  anoual  reptirt  to  Congress  with  such  recoiu- 
mendaliontt  na  he  iniiy  deem  imjMirtant  u>  the  public  intero»t«. 

Section  5  provides  fur  the  issuance  from  time  to  time  to  the  United 
States  Consular  and  me<)ica]  oFlioen  at  the  various  foreign  portt>  of  the 
rulea  and  regulations  mode  by  the  Secrotar}'  of  the  Treasury  to  be 
used  and  complied  with  by  vc5t>els  in  foreign  ports  for  i»ecuring  the 
bc»t  sanitary  eumlitious  bcfon-  depiirtun-  for  the  United  States,  and  in 
course  of  the  voyage,  and  of  all  other  ndes  and  regulations  as  shall  l>e 
obM-rvt-d  it)  irimpccliuu  on  iirrivii]  iit  any  quarantine  station  and  for  dis- 
iafecliun  and  isolation,  and  treatment  of  cargo  and  persons  on  board  so 
US  u»  prevent  the  iulrwiuctiou  of  oholem,  yellow  fever,  and  other  con- 
tagious or  infectious  diseases.  No  vessel  shall  enter  a  port  or  dis- 
charge ita  cargo  or  land  its  pa.^sHi^-r.i  ex(»>pt  u|>on  a  oertilicate  of  the 
hetltli  ofGoer  at  sncb  cjuarantiuc  station  ihul  the  rules  and  reguliilions 
have  in  all  respets  lieen  olwerved  and  wimplitJ  with  both  by  liirn  and 
by  the  nuutter  io  respect  to  the  vessel  and  it«  eai^gOf  passengers  and 
crew.  The  master  is  required  to  deliver  to  the  collector  with  the 
oUicr  jwitcnt  of  the  vesju-I,  the  bilU  of  lieiillh  oblainetl  at  the  port  of 
tleparture  and  the  cerliticnte  above-mentioned. 

Scctiiiu  6  provider  that  on  the  arrival  of  an  infei-ted  vewsel  lit  any 
port  not  provided  with  proper  facilities  for  treatment,  the  vessel  shall 
be  remanded  at  iitt  own  expcnite  to  the  nearest  national  or  other  quar- 
antine station  where  accommndutions  and  ajipliances  arc  provided  for 
the  necessary  disinfection  and  treatment  of  vessel,  passengem,  and 
cargo.  After  Irmtnicnt  of"  siieli  v(i»md  and  after  e<.-rtilicatiun  by  the 
United  States  quarantine  officer  that  vessel,  cargo,  and  passengers  are 
free  from  infoctious  dl.4ca»e  or  danger  of  carrying  the  wmie,  the  vessel 
shall  be  admitted  to  entry  at  any  )jort  of  the  ('uited  States  named  in 
the  certificate.  But  at  |Kirt.-4  where  sufficient  qiianmline  pnjvision  has 
been  made  by  State  or  local  autliontlcs  the  Secretary  of  the  Treasury 
may  direct  the  undergoing  of  quarantine  at  said  station. 

Section  7  provides  that  whenever  the  President  is  satisfied  that  by 
reason  of  the  existence  of  cholera  or  other  infectious  diseasas  iu  a 
fon-ign  countr)'  tli«rc  is  scrions  danger  of  the  introduction  of  the  same 
into  the  United  States,  and  that  notwithstanding  the  quarantine  d<s 
fense  this  danger  i«  !<o  increnwd  by  the  introduction  of  pcrsuus  or 
property  from  such  country  that  a  suspension  of  the  right  to  introduce 
the  wtme  ii>  demandiHl  in  the  inte.re.-t  of  the  public  healtli,  he  .ihall 
have  power  to  prohibit,  in  whole  or  in  part,  the  introduction  of  per- 
Hon.'f  an<)  properly  from  such  coiintrie.i  or  places  as  be  may  desiguatfi, 
and  for  such  period  of  time  as  he  may  deoni  nct^icssary. 

Sections  8  and  !l  are  of  no  sanitary  interest. 

In  aceordance  with  the  provisions  of  thi;*  act,  certain  rnleit  and  regu- 
lations to  be  observed  at  foreign  ports  and  at  sea  and  at  ports  and  on 
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tiw  frontiers  of  the  Uait«d  States  have  b«eii  adopted  and  amended 
mid  ndded  to  lu  oi-ca.-iion  liiut  miiric  tt  nocessiin'  or  ndviwthlp. 

For  a  proper  iitidcr»tUDding  of  what  U  rcc|uired  aud  of  nipthods  fol- 
lowed, tlie  reg:ulation»  thmii»c1vc«  in  nbri<lg«l  form,  whrrc  iiov^iitlr, 
are  herewith  jtri^ai-uted, 

QtlARAXTIN'B   KR0i;i.A'noN8  TO   BB  OdSERVEU   AT   FoRgiaK   PoVTO 

AKD   AT  Ska. 

Article  I.     BUU  of  Ilfallh. 

The  following  form  of  bill  of  health  is  prescribed  in  avoordaoce  with 
Section  2  of  tho  Law  of  February  15,  1893  : 

Unitrd  State-i  Bill  op  Hkaltb. 

Namo  of  vessel, .      Nationality,  '.      Rig, ■.      Master, 

.     Tounogu,  groHS, ;  n«i, .     Ir«u  ur  wuud.     Nmnlwr  of 

cnmpartiacDtM  fgr  cartfu, ;  for  st«erAge  pasaen^n, ;  for  crow. 

Name  of  mediral  oBSfer, . 

Namhor  of  officer*, . 

Number  of  members  of  officers'  families, . 

Number  of  crew,  iDoludlng  potty  officers, . 

Number  of  paaseagera,  cabin, . 

Number  of  jja^eagers,  ateenge, . 

Number  of  persons  on  board,  all  told,       ■    '    . 

Port  of  depnrtiirc, . 

Where  liiol  from, , 

Number  of  cassa  of  siclcaess  and  cbnnu-ter,  during  la&t  voyage, . 

Ves*el  engaged  in trail«,  and  piles  between aud         —  . 

Sanitary  coudiiinn  of  veHsel, -. 

Nature,  snnilnry  history,  ami  condition  of  cargo, . 

Source  and  wliolesomenem  of  water  supply, . 

Sourae  Bod  wholeaomcuend  of  food  supply, . 

Sanitary  history  and  buntth  of  officers  and  crew, , 

SoaltATy  history  and  huullh  of  poaeengers,  cablu, . 

SaaitAry  history  and  bcitttb  of  puaMngers,  steerage,  •  ■. 

Sanitary  hlatory  and  condiUoo  of  their  eOvcts, . 

Prevailing  diseaaes  ut  port  and  vicinity, . 

LoeaUoD  of  vessel  while  diMoluirging  and  loading— open  bay  or  wbarl^ 

Number  of  cases  and  dutttbii  from  the  following-named  diaeaan  during  the 
punt  two  veeka : 

DIUWH.  <C*.OfCMM.      H«.Dfd«lhL 

Yullow  fever 

AsialJc  cbolora 

Cholera  nostras  or  eholerlae , , — — 

Smallpox ■■  - 

TyphiM  I^ver -  ■ 

Plague —  ■■  "  ■ 

leprosy 

Number  of  caaee  of  sldcneea  and  character  of  saoM  while  vcaael  waa  In 
thi»  port, . 

Any  conditions  nlToctinK  the  public  hcaltli  existing  in  the  j>ort  of  de- 
parture or  virinily  to  bi-  here  ntated. , 

1  certify  that  tlie  vessel  luw  complied  witb  the  mien  and  rcgubitlona  made 
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nti'lor  lh<>  aet  of  Pebni4i-y  I'l,  1893,  nntl  thnt  the  vowel  leaves  this  port 

boQDd for ,  V.  S.  of  Aniorioi,  viu , 

Otven  under  my  hftnil  nml  aeat  this dny  of ,  190  . 


(SigRutiiro  of  (.'on§ular  ofticcr  :) 


Id  case  tlie  vessel  enters  or  calls  at  intermediate  porta,  Bupplemental 
bilU  of  lieiilth  mu.it  there  be  procured,  but  if  any  quarantiniiltle  dia- 
eoae  has  appeare<l  since  Icuvinj;  the  original  port  of  departure  or  if  tho 
vessel  from  any  caase  mftv  be  prMiimcil  tn  be  inft-clwi,  tho  supple- 
mental bill  is  withhold  until  necntsur)'  sanitury  measures  have  bocn 
taken. 


ScppLEMEXTxL  Bill  op  Health. 


Veflsel' 


Iwuiid  IVam ' 


■to 


U.  8.  A. 


Port  or- 


SonitAry  coadition  uf  jiort, 

Stnt«  diseases  prevailing  at  port  und  in  aitrrotinding  country. 


Number  of  cases  aod  the  deaths  ft'om  tlio  following-named  diseases  dar- 
ii)g  till*  past  two  weeks  : 


PiMft 


Y«Uoir  fev#r 

Asiatic    cliDlcn 

cbolerine 

Smallpox 

Tr|AUD  ttret. 

iMaguo 

Lcpn^.... 


Ko.  of 
num. 


imXbt. 


ftumarlu. 

tADrooDdllloD  ■DtallDg  Ihc  publlK  twallh  •■liUnf  la 

the  purl  w  li«  lUi*!]  hen- ) 


tfambrr  and  tanittiry  eondiliori  of  pasaengert  and  crew  landed  at  thi$  porl. 
Catiin,  No. .     Sutiitnry  condition  and  liistory. 


Bt«crage,  No. 
Crew,  No. 


Sanitary  condition  and  lilatory. 


Stinitury  conditiou  and  history, 


Saoitary  condition  of  effotrta, 

NoTK. — If  dlHombarlced  on  account  of  Biukneas  state  disease. 


i/umber  and  taailary  '.■oniillioa  nj  ytoM'tig'^t  an'l  ereiv  labea  on  aC  IhU  port,  and 

tanilary  n^ndilion  of  effects. 

Cabin,  No. .     Sanitary  condition  nnd  histofy, 


Bteera^,  No. 
Crew,  No. 


Sanitary  condition  and  hlalory. 


Sanitary  condition  and  history, 
Sanll&ry  condition  of  effecl*, . 


Sanitary  kUtorg  of  vmmI  »inee  Ittaving  tatt  part, 
(Cancel  form  A,  B,  or  C,  us  the  case  requireu.) 


VMn. 

A.— To  tho  best  of  my  knowlftdgo  and  belief— 

(Farm  A  vlll  Iwiiieil  ■!  luOrmcillats  port*  whirs  th« 

TMMldoM  IlDl«Ill«r  Ull«lFILr.) 

B. — I  have  satUlied  myself  that — 

(I'ariD  D  vlll  be  oiin]  It  laUiraMdlaM  porta  whm  lbs 
TtttI  *al<n  *ail  oleui. ) 
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no  qna  ran  tin  able  disease 
has  appeared  aboard 
since  leuvuig , 
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C. — Ftincc  leaving  ■■■  tho  followinc  <iiiankuUnftble  ttbenae  bsa  R|)peMvd 

on  board ,  and  I  cortll)'  that  tlic  nonjury  soDiUiry  tuinwurca  buve 

been  btkvn. 

I  certify  nlro  thai  with  referonoe  to  th«  pOM^ngcro.  vHlecta,  w>d  eaq^ 
Uktn  OB  ftt  lliie  port,  the  veasel  hue  compiled  with  iJi«  ruloe  and  re^latione 
Biada  under  the  not  of  Ft-bninry  16,  1S93. 

Oivei)  under  my  hand  and  seal  this day  of ,  190  , 

(:^i){nature  of  coimulur  oltloer :) , 

Kxocpt  when  quanmtJDable  diti4>».'ieH  prevail  at  ttie  Toreign  port  of 
dcpuTtiirv,  bills  ofholtli  sre,  under  Act  uf  Congress  approved  Attgtut 
18, 1894,  not  required  for  ve»)el8  plying  between  Canadian  porta  and 
adjac(;iit  purt«  of  the  United  8tatett  on  tin-  Great  Lakes  and  other  laka, 
and  on  the  St,  Croix,  SL  Lawrence,  St.  Clair,  St  Mary's,  Detroit,  and 
Ni«piini  Ilivers,  or  for  vessels  plying  between  Mexican  {torts  on  tlie 
Bio  Grande  and  adjacent  ports  of  the  United  States. 

Article  II.     Inepfction. 

All  ve«»eb  carrying  atecmge  pa«H<;n^re  and  all  vessels  from  port* 
where  cholera  prevails  or  yellow  fever,  typhus,  or  smallpox  are  epi- 
demic niitst  l>e  in»[>er:ted  by  the  ofli<-en(  iutiiing  the  hill  of  licaJth 
in  order  that  he  tuuy  satisfy  himself  of  the  truth  of  tlie  conditions 
certified  therein.  The  in.ijtection  in  the  cane  of  the  class  first  men- 
tionetl,  if  from  ii  heitlthy  port,  is  limited  to  the  paissengcrs  themselves 
and  their  living  apartmenta.  Inspection  of  a  vessel  is  sudi  an  ex- 
ARiinatiun  of  the  vi'jixel  il»elf,  cnrgo,  jwiKsenger*,  crew  and  penwoal  ef- 
fects, and  of  manifests  and  other  ]uipers,  food  and  water  supply  as 
will  show  whether  the  n-giilalioni*  have  been  complied  with.  It  must 
be  made  by  daylight  and  as  late  as  practicable  before  sailing;  the 
vc«t*cl  lihould  he  in»{)ccted  before  the  [)aM)engcra  go  aboard  ;  tlic  pM* 
scugers  just  before  embarkation,  and  the  crevr  on  deck  ;  no  rai^  or 
pemon  should  be  allowed  Id  go  aboard  aHer  inspection  except  by  per- 
mission of  the  ofTiccr  who  issues  the  bill  of  health. 

Artici.b  III.     HfrpiiranentM  witli  litfftirtHo  Veg»d*. 

Before  stowing  cargo  or  receiving  passengers,  veesels  muai  be 
mcehnnicnily  clean  in  all  parts,  ei«]>ecially  the  hold,  forecastle  and 
steerage.  The  bilges  and  Umbers  must  l>e  free  from  odor  and  de[io«il, 
and  the  air  strake^  .ouflicient  in  numl>er  and  o|)en  for  vcDlilation. 
The  U.  S.  mnltcal  ollicer  may  require  disinfection,  and  in  case  any 
infectious  disease  hatt  occurred  during  the  laat  preceding  voyage  this 
is  imperntivc. 

Air  space  and  %-entilation  must  conform  to  the  prov-isions  of  the  law 
of  AugUMt  2,  11182;  fond  and  wnt«r  supply  must  be  suflicieot,  the 
latter  easily  accessible. 

If  cholera  prevaiU  at  the  port  of  departure  and  more  than  250 
steerage  posMngors  are  carried,  two  medical  officers  must  be  coiried. 
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All  bedding  providcil  for  Ktecrngti  pa^ticnccrH  tnuat  be  destroyed  or 
dUiiitei>te(l  Ix-fore  being  used  again  or  landi'd  ;  nmUrosi<CK  nnd  pillows 
Used  by  Bt4.-enigc  piissengcnt  )>linll  nut  bo  liindcd. 

The  hospitals  of  vessels  carrj'ing  steerage  jML-jwiigers  must  be  located 
on  the  upper  or  woimd  do^^k  and  not  in  dir^'t  comniimiciitton  with 
any  steerage  compartment.  Solid  parlitiona  obstnicting  light  and  air 
should  not  be  ]ilucL-d  iu  any  ^tei-nigi-  compart nii.'nt  excepting  when  ab- 
aolutely  required. 

Article  tV.    Ckrgo, 

At  purtG  infected  with  ctiolem,  earth,  «ind,  lonm,  and  sofl  or  porous 
rock  i^hoidd  not  be  taken  an  batla-«l,  nnd  (vrtain  fi>nd  pnKlnnlH,  vix.,  un- 
flaltcd  meats,  snusuge)^,  dressed  potdtry,  dried  and  smoked  ments,  ren- 
nets, fresh  butter,  unsterili/^d  frewh  milk,  fresh  cheese,  fresh  bread, 
and  fresh  vegetables  coming  from  choleni-infi-cled  localities  or  through 
them,  if  exposed  to  infection  should  not  be  shipped.  Fresh  fruits 
firom  cholem  districts  slmll  not  lie  !<hippcd  unlcM  the  inspector  can 
certify  tliat  they  have  not  been  exposed  to  infection. 

Al  [wrle  infected  with  yellow  fever,  bidlast  of  the  kind.*  above  men- 
tioned should  not  be  allowed  on  bounl  vessels  clearing  for  [x)rts  south 
of  Mnryland,  wheii  tiard  mck  can  be  obtained  or  when  water  ballast 
may  be  used. 

Merchandise,  personal  effects,  and  bedding  from  infected^  districtit, 
or  of  doubtful  or  unknown  origin,  sliuuh)  be  disinfected  prior  to  xhip- 
meat.  New  merchandise  in  general  may  be  accepted  without  question, 
and  when  [Kicked  for  ishi](nient  in  an  infiiried  [Mirt  or  place  with  ft 
special  view  lo  protection  from  moisture  incident  lo  the  voyage,  may 
DC  Accepted  ivithoul  dLiinfeclion. 

All  rags  and  textile  fubries  uwd  in  making  pu]K'r,  etc.,  eollecteil, 
packed, or  bundled  in  any  foreign  port  or  plaeo,  with  the  es<?eption  be- 
low mentioned,  slmll  be  didinfocted  prior  to  shipment.  Old  bugs  of 
jute  or  cotton,  old  rope,  and  new  cuttings  of  cotton  or  linen  from  fac- 
tories aro  not  included.  Kagi<,  etc.,  fnun  Canadian  p4irtr<  or  places, 
free  from  quarantinable  diseases  for  .'JO  days  prior  to  shipment,  acoom- 
panied  by  pmiKT  iillidavit»  that  they  have  tml  Ix-en  MhipiH^l  t*)  Canada 
from  a  foreign  port,  are  exempted.  Itags,  old  Jute,  old  gunny,  old 
rope,  and  similar  artich^  gathered  or  packed  and  handled  where  chol- 
or  yellow  fever  prevails,  or  smallpox  or  typhus  is  epidemic,  may 
sot  be  shipped  until  :I0  days  aAer  infection  has  disappeared  and  after 
Idisinfcction  of  the  articles. 

New  feathers,  unmanufactured  hair,  bristles,  wool,  and  hides  chem- 
icallv  cured,  coming  fri>ni  a  cholera  dislriel,  canucit  be  slnpped  until 
after  30  days  of  freedom  from  infection,  unless  unpacked  and  disin- 
fected. Usctl  fealliers  mu^l  he  disinfected  and  invariably  by  steam. 
All  these  articles  coming  from  yellow  fever  districts  and  destined  for 
places  south  of  Maryland  during  the  quarantine  season,  or  where  small- 
pox or  typhus  is  epidemic,  may  not  be  shipped  without  disinfection 
according  to  pre.scribed  methods. 
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Articles  su<>h  an  gelatin,  gliio,  gluo  atnck^,  fidi  Maddcnand  skins,  mu- 
BOf^  casinf^,  bladdL-rs,  ilritMl  bluud,  having  been  in  aay  my  liuble  to 
iiifeotioii  ill  the  pmcE-im  of  preparation,  gathering,  or  tthipnicnt,  »Itnul(l 
be  disinrvcicil.  All  (vivcniif^  »ihip[)(.-il  from  or  tlirough  au  liifcM-tcJ 
plnoe  and  believed  to  be  infected  should  be  disinfected.  Any  pn.i>uiu> 
ubiy  iiifectitl  itrtirle  whicli  cniinot  bt-  <)iKinfi-ctc<)  (uphoUloml  furnilunr, 
shcepskina  used  ns  wearing  apparel,  bedding,  boneti,  horns,  and  lioub) 
»Uotdd  not  be  ^liippiil. 


Articlk  V.     Pfuiumgcrt  and  Croc. 

Person.4  .infTering  from  a  quaran tillable  disease,  or  tcarlct  fovcr,  mea- 
sles or  diplithcrin,  inny  not  be  shipjwd.  Steerage  pns&engera  and  crew, 
if  frrini  diMriet^  where  nnmllpox  is  epidemic,  or  ex{)OHed  (<>  oinallpox, 
must  bf  vttci-inuted  before  embarkation,  or  show  evidence  of  imniunity 
or  reoeut  succeasful  vaccination.  If  tJiey  have  been  expoood  to  typhus, 
they  shall  be  di-tuined  at  lemst  fbiirtvon  dayit  alU-r  such  exposure  aod 
the  disinfection  of  their  baggage.  Coming  from  cliolera  di.itriolit,  ibcy 
must  be  delaliied  in  Kiiitabli!  barrack.%  fivt-  davit  ufti.-r  ihey  have  been 
bathed,  their  baggage  and  clothing  disinfected,  and  all  food  brought  by 
thvni  removal.  Those  from  uninfected  diHtrict8,  but  nhipping  at  a  port 
iufccted  with  cholci'a,  nrny,  if  it  eeems  necetrsary,  be  treated  in  the  fame 
way.  Slionld  cholera  break  out  among  tliose  iindc-rgning  tlie  Rvv  days' 
detention  and  obs^rviition,  no  pnescnger  may  embark  until  five  days' 
i.solation  fron]  the  last  case  and  repetition  of  the  same  winitary  moift- 
ure«  as  hcfuri-. 

A  cabin  passenger,  prior  to  sailing  from  porta  infected  with  cholera, 
must  produce  satirtliictory  evidenoc  tm  tn  his  exact  place  of  abode  dar- 
ing the  five  days  immediately  preceding,  and,  if  it  appears  necvsary, 
he  may  l>c  di^taiued  and  hia  buggage  disinfected. 

I'assengcni,  crew»,  huggagc,  and  tiiercliandiic  prior  to  shipment  at  a 
non-infecled  port,  but  coming  from  an  infectetl  locality,  .•iliall  be  aubjcct 
tn  the  same  rctrictions  as  are  inij>o.«cd  in  nn  infcctixl  port.  In  porta 
infected  vrith  cholera  or  where  yellow  fever  is  epidemic,  crews  should 
remain  on  board  during  their  stay,  and  any  additional  men  shipped  are 
subject  to  the  same  precautions  as  are  observed  in  the  euse  of  stvermge 
passengers.  American  vessels  bound  for  the  Uniti?d  States,  Cuba,  or 
Porto  Uico  shall  not  »hip  men  In  tlic  purls  of  these  two  islands  where 
Binall[)ox  or  yellow  fever  exists,  except  when  ins|>cctcd  and  pait»pd  by 
the  quarantine  officer. 

The  rules  concerning  disinfection  of  baggage  and  pcnoiial  cflTccts  of 
passengers  from  cholera-infwted  ports  apply  a«  well  with  regard  to 
plague,  yellow  fever,  typhus,  and  smallpux. 

All  steerage  baggage  ina))ecled  and  passed  shidl  l)car  •  red  labd 
filled  oat  and  stjimjKKi  in  proper  fiirru  ;  if  it  has  been  disinfected,  the  fact 
is  set  forth  on  a  yvllow  label  filled  out  and  stamped  in  tiie  tatnf  manacr. 

Eaob  8leerag«  passenger  nut^t  have  au  inspection  card  stampird  by 
the  consular  or  medical  officer.     The  form  is  as  below. 
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iVrt  tf  Jfpartan....... 

JCmu  D^  Mp ■••■ 


INSPECTION  CABO. 

...,.,.... DaUi^  liepaitun, 

•Hi.H.i.H La^  permaneni  raiiiaiM 


tupMUd  and  fwMd  al 


JSmI  or  •tanii  otenmottr 


n«Ki1  il  qiiBrvDiIae  yon  of        ruvrd  by  tnLmlffrallDD  Bo- 
,  Uutl*d  SUM*,     rmu.yort  sf. ,..., 


[Brtl^I 


[MM.] 


[Tbs  rallaKliiK  lob*  flUad  In  br  ■hip'*  wrieaa  of «(*■■(  K'"'  I"  "'  "'^^  emtiKrkaMnii.) 
5Up'«Ji>(pr  mar^/Sif Wo.  oni&tp't  liWor  many'eM , 


Bulhlfo, 
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On  the  back  of  tlie  card  shall  be  state!  whatever  are  the  facta  bear- 
ing upon  viK'ciiiitli<in. 

Special  inspection  canls  are  provided  for  cabin  passengers  from 
cholcru- infected  porti*  and  places.  The  baj;}rago  of  &udi  imeaeDgers 
muHt  be  ln)>elcd  in  the  same  manner  as  described  above. 

I'lLw-ngen*  nhnnid  not  be  vai-einated  at  porls  or  plat-oB  infected  wiih 
plague,  nor  after  leuving  the  same,  »incv  the  liability  to  plague  infection 
is  thereby  increased.  Moreover,  the  indneed  fe\'er  and  swollen  glands 
tend  to  cunftise  diagnosis  nt  the  porl  of  arrival.  Just  prior  1o  release 
from  ^inarantine  at  the  port  of  arrival  is  the  proper  time  for  the 
operation. 

ARTin.K  VI,     Fteipilftnients  at  Sea. 

During  the  voyage,  rigorous  cJeiinlineits  and  free  ventilalioii  mu8t  he 
maintained  ;  the  water-olosets  must  he  washed  and  diainfectetl  twice 
daily  ;  nnd  tlu;  vessel,  including  the  ]<teerug(-,  tuuHt  l>e  inspectcil  by  the 
ship's  surgeon  every  day. 

I'ktienl^  willi  infectious  disease  should  be  ii^ilated,  their  soiltnl  body 
linen  should  be  at  once  immersed  in  boiling  water  or  in  ii  disinfectant 
Bolution,  and  the  phices  which  lliey  have  occupied  should  be  disinfected 
if  possible  by  steam  and  then  tw  far  a>*  (joMible  be  frwly  expowtl  to 
the  air.  During  di.-in  feet  ion,  nil  articles  likely  to  convey  infection 
ithould  remain  ;  tifterwarils,  llie  iKilding  and  clothing  muy  he  remove<t 
and  dried.  In  case  of  outbreak  of  cholera,  cholerine,  yellow  fever, 
typhus,  or  snm1l)Hix,  those  who  lirmt  show  symptoms  i^hall  he  immedi- 
ately sent  to  the  hospital,  and  all  of  the  effects  liable  to  convey  infeo- 
tion  which  have  been  in  uise  will  be  destroyi^d  or  disinfected.  Tiie 
dead  must  be  wrapped  without  previous  wasliing  in  n  sheet  sjiturati.'d 
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with  one  of  the  strong  dbinfc^'titig  solutions,  and  at  ooce  pboed  in  a 
hermdically  scaled  coffin  or  bun^  at  moo, 

A  plinit-al  n-ronl  of  iwli  ><a.«cof  dutcBsemust  he  kept  on  a  prescrilied 
form  anti  delivered  to  tlic  qiinmntinc  officer  nt  tiic  i">rt  of  iirrivnl. 

Under  this  article,  f^frmiridal  .inlutions  for  jmrim^es  of  <li«nfection 
arc  limited  to  tht;  following  :  Stroug;  acid  *olutioii  of  romwivc  Kubli> 
mate  (1  (o  500) ;  pure  carbolio  aoit],  1  to  20.  Weak ;  acltl  solutioa 
of  oornisivi>  itiibliiimU:  (I  to  1,000} ;  pure  ourholic  acid,  1  (n  40. 

Sailing  vessels  from  jmrts  infected  with  yellow  fever  and  destined 
for  any  port  sniith  uf  Maryland  iiol  pmvidtnl  with  pn)[>er  facilities  for 
treatment  shall,  during  the  (juanintiue  period,  be  directed  to  proceed 
b>  some  (]uaraRttne  station  in  the  United  States  for  disinfection  and 
treatment. 

Abtici.k  VH,     Dmnfation. 

This  article  is  given  in  its  entirety,  as  follows  ; 
"  Par.  1 .  The  di^nfeccion  of  iron  vesitela  shall  be  a«  follows  : 
"(n)  tlo/iU. — After  mechanical  cleansing,  the  hold  to  be  thoroughly 
washed  with  an  Hcid  HDlulinn  of  bichloride  of  m<'n-nry,  I  tn  800  (nier- 
cnry  1  part,  hydrochloric  acid  2  parts,  water  800  part«),  applied  under 
preBsure  to  all  surfaces  by  means  of  a  ho»te. 
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"  If  the  cargo  is  so  stowed  as  to  admit  of  disinfection,  the  hold  and 
cargo  RUkv  he  dLiinft>ct('d  without  breaking  hulk,  by  sulphur  dioxide, 
10-pcr-ccDt.  per  \'olunie  strength,  forty-eight  hours'  exposure  for  iron, 
and  seventy-two  hours  for  wfHideii  vciwels. 

"  (A)  •SUrrtiffc  inul  forrcnuf/,: — The  same  trralmeiit  ehotihl  be  given 
the  steerage  and  for(M;astl<>  as  the  hold,  but  when  practicable  steam 
disinfection  of  ihiwe  conipurlincnts  should  be  practiced.  The  trcnns^ 
ature  in  all  parts  of  the  compartments  is  to  be  not  leas  than  100°  C. 

"(c)  ('iiliiiiti,  uffirrrii'  <junrii'i-»,  ulalerniimn.  He. — The  lieilditij;.  fiilirica, 
and  carpets  shouhl  he  removed  and  disinfected  by  steam.  After 
thorough  inechanicitl  cleaniting,  tlic  ex])oiHN]  surfaces  of  fabrics,  whteb 
can  not  he  removed,  sliould  he  washed  witli  a  solution  of  bicliloride 
of  meroury,  1  to  1,000,  or  .l-iier^cent.  solution  of  carbolic  acid,  both 
of  which  !<hould  be  removed,  hut  not  under  two  houre.  Afterwards 
the  apartments  should  be  thoroughly  dried  and  aired. 
5J"  l*An.  2.  The  dii*infection  of  \Tooden  vewfoU  is  to  l»e  acconiplishcd 
aa  follows  :  After  mechantoal  cleansing,  washing  out  the  bilge«  until 
clean,  etc.  (Iir«t),  by  fimiigntioit  by  sulphur  dioxide,  IO-per«eDt. 
Mtrongth,  twenty-lbur  houre  in  the  cabin  and  forecaslle  and  forty-eight 
hourH  in  the  hold  ;  and  (neeond)  lliiHliing  or  wa:<:hing  with  ncid  solutioa 
of  bichloride  of  mercurj'  in  large  quantity  {1  lo  8U0),  The  bilges  to 
be  lirsl  flashed  with  nca  water,  jtumpf-d  out,  and  llien  tn-aled  with  tlia 
n<*id  fHiIution  of  bichloride  of  mercury  in  large  quantity,  allowed  to 
remain  in  long  contact.     In  addition  lotlie  Kiil]>hur  fumigation  of  aucJi 
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ip&rtiiHMibt,  till!  nabins,  forecsstle,  and  other  op«rtai>eau, and  their  coo- 
leat«,  to  be  trroted  as  thoE«  on  iron  vessels. 

"CABGO. 

"  Par.  3.  Diainfection  of  rags  anil  old  jute,  etc.,  shall  be  b/  one  of 
the  follnwiiig  iiipllimls : 

"(a)  Bj-  boiling  in  water  for  not  leas  than  thirty  minutes. 

"(6)  Bynuyimal  tlw  temprratiirfof  lOO*"  C.  for  not  Ion  thnn  tliirty 
tDtont«8  after  such  temperature  U  reached. 

"(«)  By  exptwure  for  not  li*si«  tlinu  *\x  lionre  in  a  closed  conipart> 
ment  to  u  4-]>er-c8nt.  strength  (per  volume)  of  ijulphur  dioxide  f^ — 
made  by  burning  roll  itnlphur  nr  by  the  libenitinn  of  litjuefiei!  sulphur 
diojEtdc — uIlowuDce  to  be  made  for  leakage  by  increniting  tlio  amount 
of  sulphur. 

"  Par.  4.  In  all  of  the  above  motbods,  the  rags,  old  jute,  etc.,  muHt 
be  iinbaled,  and  in  the  disinfection  by  <iteam  or  sulphur  the  rags  must 
be  lotwely  spri'ud  on  racks  (prcfi-nibly  wire  noting)  in  layers  of  not 
more  than  (i  inches  in  depth,  and  in  such  a  manner  as  to  insure  the 
diffusion  of  tho  giw  to  all  partfl  alike. 

"  The  articles  must  not  at  any  time  occupy  more  than  50  per  cent,  of 
the  total  cubic  ■■i])iici-,  Hud  the  exposure  to  date  from  the  complete  com- 
bni4tion  of  the  sulphur. 

"  Pak.  5.  New  featbertt  for  bedding  shall  be  disinfected  by  one  of  the 
following  methods : 

"  (n)  By  steam  at  a  temperature  of  1 00"  C.  for  a  period  of  tliirty 
mioateM  nllcr  »iioh  t<^'ni[M'ruiiirc  has  been  r^'iichc^l. 

"{!>)  By  expo.'iure  to  sulphur  dioxide,  4-per-ocnt.  strength  per 
volume,  for  not  \*-!S»  than  Mix  honrH. 

"Par.  is.  Uuman  hair,  or  other  liair,  unmunufuctured, and  bristles, 
to  be  disinfected  by  sulphur  dioxide,  -l-per-cent.  .Mrength  per  volume, 
»ix  hoiirv,  or,  if  not  clean,  by  a  solution  of  pun-  carbolic  Moid,  -l-pcr* 
cent.  Birength,  the  arlides  to  be  thomughly  saturated, 

"Par.  7.  Wool  to  be  disinfected  by  Kulphnr  dioxide,  4-|>er-cent. 
etreuglh  per  volume,  for  not  less  thau  twenty  houre,  the  wool  to  bo 
unbaleil  and  looHt^Iy  M])rcad  on  rucks,  as  in  the  manner  provided  for  the 
disinfection  of  rags. 

"  Par.  8.  Hides  to  be  disinfetrted  by  sulphur  dioxide,  4-per-cent. 
eti«ngth  per  volume,  for  not  less  than  twenty  hours,  or  by  tlion>ugb 
saturation  with  a  solution  of  pure  carbolic  acid,  4-per-cent.  strength; 
!iide»  to  be  invariably  unbaled  fur  the  purpose." 

Pah,  9.  Articles  mentioned  in  paragraph  10,  Article  IV.  (gclutin, 
glue,  glue  stock,  fish  glue,  fish  bladders,  lish  skins,  sausage  casings, 
bladders,  dried  blood)  should  be  disinfected  by  being  sprcttd  on  racks 
and  exposes)  to  suljihur  dioxidt>,  -1  ]ier  cent,  per  volume,  20  hours. 

"  Par.  10.  Coverings  should  bo  disinfected  : 

"(n)  In  the  hold,  by  exposure  to  eulptiur  dioxide,  lO-per-cent. 
strength  per  vohimc,  for  twelve  hours  ;  tlic  cargo  being  so  stowed  as 
to  allow  access  to  all  parts  of  sucli  surfaces. 
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"  {b)  By  breakii^  balk  »ad  exposure  to  salpbur  dioxide,  i-^ 
strength  per  volume  for  twenty-tour  honn. 

"  (o)  By  wetting  tlioroughly  with  solution  of  bichloride  ofmercuif,  I 
to  900. 

"Par.  11.  The  diHiifwtion  of|HT)Hiual  offccl*,  prescribed  by  i 
r^ulations,  should  be  as  followti : 

"(A)  Clothing  And  botldJDg  shuuld  bcdivinfcctcd  by~{I)  Expumnj 
to  steam  from  lOU"  to  102*^  C.  for  lliirty  minut«fi  aAer  such  teinftn>i 
turc  in  rmclifHl,  or  by  lioiling  for  (liirty  ininutett.  (2)  Immeruoa  isj 
bichloride  solution,  1  to  800,  or  solution  of  pure  curt>olic  acid,  3 
cent.,  until  thoroughly  wetted,  and  allowed  to  dry  before  wiuhioj;. 

"  Tliis  last  prooeHS  (2)  to  be  used  only  for  nrticle«  tlint  will  be  injond  ] 
by  steam  or  boiling. 

"(B)  Cooking  and  enting  ulensils  slioiild  be  immcr8«d  in  bjilicg 
WBler- 

"  NoTB. — A  4-|x;r-c«nt.  per  \-olnme  strength  of  ttulpbiir  dioxide  oa 
be  obtained  by  burning  not  less  than  4  pounds  2  ounces  of  siilpliut  to 
each  1,000  rnbic  feet  of  epa**;  the  comjartment  to  l»e  air-light. 

"A  1 0-ptT-cent.  per  volume  strength  can  only  be  obtained  bvooerf 
the  following  methodic :  By  the  use  of  a  special  fumac>e,  or  by  liqnrfitd 
sulphur  dioxide  gas." 

Ahticijc  VIII.     Rteordi,  Iteportt,  tie. 

(Uis  article  provides  for  the  recording  of  inspections  and  funiiifaiit 
oflwportB.) 

Articij:  IX.     Rffpiialiona  at  Pori»  Infeettd  or  Suapeeied  o/bmg 
In/tdfd  with  PUtffuf. 

The  n^ulations  oonoeming cholera  »hall  he  observed  at  foreign  pbca 
infected  or  suspected  of  being  infuctt^^d  with  plague,  with  pegaid  I* 
vessels  and  eargi>ea  bound  for  (he  United  States,  The  period  of  drt«»* 
Ijon  is  fixed  Tit  15  days  from  the  ln>-t  jitissible  exposure  to  inferti<«, 
&illng  which,  tlie  vessel  and  all  on  hoard  will  be  considered  at  the  port 
of  arrival  as  coming  from  an  infcrtt^^l  port.  Ba^age  labeled  ud 
sealed  by  the  proper  official  at  a  non-infected  city  may  be  adinitltd 
without  disinfect  inn,  even  (hough  shi])ped  through  an  infected  polar 
tooAlity,  pnjvidcd  the  scid  \6  unbroken.  Baggage  from  infwIeJ  "f 
suspected  localities  for  shipnienl  through  a  non-infected  port  murt ! 
be  dieinfrctcd. 

Where  plague  prevails,  the  vessel  should  not  tie  up  to  the  dock,  I 
should  lint-H  u])<>n  whieh  ml-'  ciiti  cro^s  be  pasMtl  to  the  shore.  1w 
poMengcrs  and  cargo  should  Im?  lightered,  the  crew  kept  alxmrd,  UH 
personal  conirauniontion  from  shore  to  vestiel  be  under  medical  )iupr^ 
vision. 

Pet  msmmals,  such  as  cats,  dog.i,  monkeys,  mice,  etc.,  should  not  b« 
shipped  from  infected  or  suspected  ports  or  places. 
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Abtici.e  X.      Biiggage  nnrl  Effects  Feota  Cuba  and  Porto  Rico. 

Between  April  let  and  November  l&t,  all  biiggnge  and  pcrsoiml  ef- 
fecU,  including  hand  l>aggage,  leaving  Ciiha  eliall  be  labeled  by  llie 
qunrsntinc  officer,  either  "  Disiiifcfttd,"  or  "  Inspected  ami  piwsed,"  or 
"  Inspected  and  pnased  to  nortlieni  territory,"  according  to  destination. 
All  destined  for  places  south  of  Mnr}'land  must  be  diifinfectcd  and  ho 
labeled  ;  that  shipped  through  a  southern  port  but  checked  through 
to  u  i>i<iiil  north  oi"  the  smithern  boundary  of"  Mnryltuid  and  not  to  lie 
opened  en  route  may  be  labeled  accordingly  and  need  be  disinfected 
only  if  jiresuuinbly  lufected  or,  cont.'vriiing  lhi»  ])niiit,  if  doubt  exiiiti^. 
All  bound  for  ports  north  of  tlie  southern  boundary  of  Maryland  and 
Dot  intended  to  be  shi[i|M'd  nAr-rwnrd^  to  a  [toint  ttnuth  of  Maryland 
mny  be  Iabclc<l  "  Inspected  and  passed."  If  infected  or  doubtful  it 
should  be  disinfected,  llaggage  not  lal)eled  shall  be  disinfected  at  the 
quarantine  Htation  at  the  port  of  arrival.  TIkw  rules  apply  also  to 
porta  in  Porto  Rico  when  yellow  fever  is  there  present. 


Qnarantme  Beg^ations  to  be  Observed  at  Forts  and  on  the  Fron- 
tiers of  the  United  States. 

Th«  prcjimble  provides  fur  the  rstiibtiFhinent  uf  qnomntine  stations 
at  or  convenient  to  the  principal  ports  of  the  United  States,  and  for 
tliC  mainli-nance  of  in»pcclton  Htntionii  iit  all  oilier  purl.-4.  A  fully 
equipped  quarantine  station  should  have  adequate  facilities  for  board- 
ing and  in.-'peeliiin,  ap|inratu»  far  the  mechanical  cleaning  of  vessels, 
for  Bteiim  disinfection,  for  sulphur  fumigation,  for  dit^infccting  solu- 
tions; hospitals  for  contagious  and  doubitul  enses,  detention  barraeka 
for  Hus]H.-cti<,  bathing  facilities,  crt-niatory,  and  adequate  water  supply. 
The  personnel  of  quarantine  stations  in  the  yellow  fever  jsone  and  <m 
the  fruiters  bound  for  southern  ports  sliould  be  immune  to  yellow 
fever.  At  quarantine  stations,  all  articles  liable  to  convey  infection 
should  he  handled  only  by  tlie  en)ph>yecs  thereof,  unless  the  services 
of  the  crew  are  indispens-able. 

The  qiuirantine  regulntiuns  are  the  required  minlvinm  standard,  and 
do  not  prevent  the  addition  of  such  other  rules  as  State  and  local 
authorities  may  legally  make. 

Abtic'J^  I.     TtapecHon, 

TIiiA  article  provides  that  all  vejtsels  from  foreign  ports,  vessels  ftoBl 
domestic  ports  where  cholera  or  ydluw  fever  prevails,  or  where  BDllll- 
poa  or  typhus  is  epidemic,  and  all  vessels  with  sickness  on  board  must 
ba  inspected  by  a  quaranitne  olliivr  prior  to  entry.  But  vessels  on 
inland  waters  of  the  United  States  not  carrying  passengers,  and  from 
ports  of  British  -Vnu'riwi,  pi-ovidrd  they  have  not  ciirrieil  [lersoos  or 
cfTecIs  of  persons  uon-rcsidcnt  in  America  during  the  (iU  days  pre- 
ceding  arrival,  and    provided    the    port  of  departure  l)e   fwie  moto. 
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quarantinattle  disease,  are  exempt.  Passenger  vessels  from  foraign 
|M)r1«,  niUir  entering  a  port  willioiit  complete  discharge  of  pBSseagera 
and  carf^o,  are  subject  to  a  second  ins{>cctii>n  before  entering  any  utlier 
port.  Vessels  from  jwrla  sutii»^cted  of  infection  witli  yellow  lover 
having  entered  a  port  north  of  the  southcni  hoiindary  of  Mnrylaod 
without  diainfeotion  are  subject  to  quarantine  before  eatering  iMxy  port 
south  of  Maryland  during  its  quarantjiie  season. 

Except  in  ca-ie  of  vesseU  in  distreHs,  inspection  ehall  be  mad«  by 
daylight.  Tlie  bill  of  Ix^allli  ntid  clinical  record  of  all  ca&eo  treated 
daring  the  voyage,  crew  and  passenger  lists,  and  manifctrt*,  and,  tf 
Dccessary,  the  log  Ahall  be  examined.  The  <-re(v  and  passengers  sbsll 
be  mualennl  and  compared  with  the  lists  and  niaiiilV'sls.  If  rags  and 
similar  articles  are  carried,  a  nertilicale  of  disinfection  ehall  be  shown 
and  com]K\red  with  the  freight  mniiifest,  olhcrwiw  they  sliall  be  set 
apart  in  a  proper  jilace  and  in  the  event  of  non-arrival  of  the  required 
ocrtifiatte  Uiey  shall  be  oillier  disinfected  or  returned. 

Until  a  vessel  liaa  tieeu  inspected  and  discharged,  no  person  otbar 
than  Uie  usual  ofhctiaU  and  the  agents  of  the  vct<«el  shall  be  permitted 
to  board. 

Tuglmata  and  other  vessi'Ln  having  had  oomrounication  with  veeseb 
subject  to  in>t(>cction  shall  be  themselves  subject  to  inspeetioii. 

After  a  vessel  upon  which  cholera,  smallpox,  typhus,  or  pbtgue  ba« 
ooeiirrcd  luis  been  given  free  pratique,  the  qiianintine  officer  must 
notify  the  li}cal  Commissioner  of  Immigration,  whose  duty  it  tlicn  is  to 
Bend  by  mail  or  telegnipU  to  tlio  health  authorities  of  the  ^-arious 
States  to  which  immigrants  from  the  vessel  are  destined,  tl>c  dat«  of 
deparluiv,  route,  uumlKT  of  perxon:*,  and  point  of  dc-sliuation,  tt^tber 
with  tile  statement  that  they  are  from  a  vessel  which  lia»  been  subject 
to  quarantine  by  rea^ni  of  iufeetlous  di.iense,  naming  the  disease. 
This  information  is  for  the  purpose  of  enabling  Stale  authoritiea  to 
maintain  such  surveillance  over  the  arriving  immigrants  aa  they  may 
deem  neeessarv. 

Baggage  and  effects  from  Cuba  and  Porto  Rim  shall  be  treated  in 
accordance  with  the  pri.ivi»ioiiit  of  Article  X.  of  the  re^laliona  to  be 
observed  at  foreign  ports  at  sea. 

Partiyrapk  S.     Inepcetion  far  ptagur.     [Unabridged.] 

"  (a)  In  the  case  of  vessels  infeoted  or  suspected  of  being  infected 
with  plague,  place  voscl  in  qiiurautiuc  in  anchorage  sufGcienUy  remote 
from  the  nearest  land  or  other  vessel  to  prevent  the  escape  of  rats  by 
swimming. 

"{f>)  Pilots,  customs  officials,  agents  of  vessels,  or  others  who  go 
aboard  vessel  may  be  deemed  and  be  treated  as  a  part  of  the  [>enonnel 
of  tile  ve^cl.  .Such  persons  shnll  be  detained  in  quarantine  a  suffia'eat 
time  to  cover  tlie  period  of  iuciilmtion  of  the  diaeaae,  if  in  the  npinioD 
of  the  qimrnntine  officer  slid  person-i  have  been  exposed  to  infection; 
and  their  dunnage,  if  any,  shall  be  disinfected. 

"(e)  In  inspecting  infected  or  9iisj>ccuhI  ves»-U,  the  personnel  of  tba 
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vessel  shall  lie  tnspecte'l  aAer  tile  retiio\ii1  of  all  clotbinfr  wliicli  will 
iiiUTfi.-iv  \vil)i  II  tliori'iigli  (■xiuniniiliDii  of  all  glaudulnr  regioiiii,  includ- 
ing axillary,  inguinal,  and  cervical. 

"  ((/)  Fi-malt-  iiinpectarK  ithould  Iw  provided  for  inafieotion  of  female 
personnel.  Tlicy  eliall  bti  inslnicttrd  by  tliv  ijiiaraiitinv  ofliccr  in  tbv 
general  ctymptoitiatiilogy  and  rcco^iiilion  of  tbe  diHease,  but  final  de- 
cision is  to  be  iitudc  by  tliv  qtiarutitim-  oHioiT. 

"  («)  Special  attention  shall  be  given  to  the  detection  of  ambtitunt,  or 
wnlking,  ca>H%«,  which  arc  a  soiirci;  ofgn-at  danger  and  iipl  to  l>e  over- 
looked, because  they  present  few  objective  signs  to  attract  ottcntion, 

"(/)  Sp<-'ciul  ntt^'iition  i^hiiiiM  ho  directed  to  the  pneumonic  ty|)e  of 
tlie  disease.  Any  person  presenting  pulmonic  ^ymploms  of  rapid 
course,  with  or  withont  glandular  enlargement,  tthoula  l>e  the  subject 
of  special  inquiry,  and  if  poesible,  of  bacteriological  cxumtnation. 

"iff)  lu  sii»l*e<'ted  fjnnen,  specimens  of  pus,  sputum,  or  the  contents 
of  lymphatic  glumU  may  be  sent  to  the  liygienic  lulmnitory  of  the 
Marine  Hospiuil  Service  at  Washington,  for  examination,  under  the 
precnntion  prfscrihcii  by  the  postal  regulations  of  the  United  HtaU*. 

"  (h)  The  quarantine  officer  at  the  port  of  entry  will  carefully  exam- 
ine tae  ship's  manifest  of  cargo  for  liouitehold  goodt*,  biHldlng,  »eccnd- 
bsod  articles,  personal  baggage,  corpses,  rags,  and  articles  apt  to  carry 
infection.  Any  articla'*  believed  by  the  quarantine  officer  to  be  infected, 
must  be  disinfected  in  accordance  with  the  quarantine  regtduttons  of 
the  United  Suites." 

Article  II.     Quarantifte, 

Firftt  arc  enumcrntcil  the  ipiarnnlinable  diseases,  ns  follows :  cholera 
and  cholerine,  yellow  fever,  smallpox,  typhus,  leprosy,  and  plague. 
Any  vefM-l  arriving  with  any  of  these  discjtscs  alxmnl,  or  having  had 
any  within  30  days  preceding  arrival,  or  having  had  yellow  fever 
aboard,  after  March  Int  of  the  current  year,  and  having  not  bn-'ii  there- 
artcr  satisfactorily  disinfected,  or  coming  fmm  |M>rts  infected  with 
cholera,  or  where  typhus  is  epidemic  and  not  having  complieil  with 
tlic  Unilcil  Stittcs  quarantine  rcgulnlioiis  for  foreign  portti,  or  bringing 
persons  or  cargo  from  places  infected  with  cholera  or  yellow  fever  or 
where  typhus  in  epidemic,  or  coming  fn>m  ]iort»  where  yellow  fever 
prevails,  unless  disinfected  according  to  regulations  at  least  .">  days  be- 
fore arrival,  shall  be  placed  in  qnarnntinc.  But  in  case  of  vcsncIn  from 
|>orts  quarantined  against  on  account  of  yellow  fever,  those  arriving 
between  Xovember  1st  and  .\pril  1st,  and  those  l>nund  for  port.-<  north 
of  the  sputliern  boundary  of  Maryland,  witli  good  sanitary  condition 
and  history,  having  had  no  sickness  on  lioard,  and  provided  that  fi 
dayf)  have  vlnp^^'d  since  departure  from  the  last  infected  or  suspected 
port,  may  be  admitted  to  entry. 

In  inH[>ecting  a  vessel  between  April  Ist  and  November  1st  from  a 
port  where  yellow  fever  prevails,  the  destination  of  each  passenger 
mast  W  ascertained  and  the  Ixiggnge  of  such  as  intend  going  south  of 
Iklaryland  sliall  be  disinfected,  according  to  the  special  rules,andlabel«,<l. 
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FniiteiB  from  porttt  d<^cIuiT<)  safe  for  this  purpose  hv  the  Snpcn-ifiiij 
8orgeon-0eoeral  may  l»e  admitted  to  entry  without  delenlion,  if  i" 
cnrrj-  no  papscngerf  and  have  no  liuiifi-liold  i'trc<;(:<  or  pcrsoaal 
io  car^   and  have  coniplied  with  the  special  rules  and  regolilM 
nutdv  for  vouwU  ciignged  in  ili«  fruit  tntd«. 

All  petsona  arriving  on  a  veei^l  which  has  had  smallpox  onUanil 
miiKt  )(iil>mit  to  vncoination  or  ^hnw  .'«atLtfa<^torr  evidence  of  leontf 
vaccination  or  of  having  had  Emullpox  or  be  detHinc<l  in  qiianRDwl 
for  not  IeM<  than  14  days.  All  eSccta  and  oomjuLrtnients  likelyiotn-J 
vcy  infection  must  be  diainfectcd. 

All  passengers,  except  those  of  the  first  or  second  cabin  on  any  t»-1 
ael,  must  bi-  v«ccinat(il  or  »how  evidence  of  rcc-^'iil  »«oon*j*ful  %-Bcdd»-j 
tion  or  of  having  had  smallpox  or  l>c  detained   in  quarantine  1 1  d*.^J 

No  case  of  U-pro»v  will  iie  landed,  cx<«pt  tti  tliv  qtiaranliDefUtion,' 
and  DO  vessel  arriving  with  leprosy  on  board  will  be  giv«n  freepra* 
ti(]ue  nntil  tlie  legHT  with  hi^  l>a(^ag«  haft  been  oo  remov^.   "Hn 
leper  will  bo  dep<^>rtc<l,  if  an  alien,  on  the  same  vchmiI  and  wt!!  b«^  i 
tained  at  the  ve»ael'i4  expense  at  quarantine  until  departure. 


Artici.k  III,      O^Krai  RequirfwuntM  at   Quarantina. 

"  PaB.  1.  Ptlot«brinKinf»infect«l  vCTswla  willbedetainedinquiriD-j 
tine  a  Miffieient  time  to  cover  the  period  of  inciilation  of  (hedKcMJ 
fur  which  the  ve»»cl  l»  qunroiitine^,'  if,  in  the  opinion  of  the  qiaru*J 
tine  otBoer,  snch  pilots  have  been  exposed  to  infection.  Thcdann 
of  pilotit  shall  be  di!«infi-otcd  «lit-n  ncr«v«ary. 

"  Par.  2.  No  direct  communiration  shall  be  allowed  between  qa 
amine  or  any  v«-Micl  in  quanintine  and  any  person  or  place  outaM 
and  no  communication  except  under  the  supcrviiiion  of  (he  qa 
officer. 

"  Par.  3.  No  balhut  shall  be  allowed  to  Itnx'e  the  quarantine  i 
unleea  disinfected. 

"  I'ar.  ■(.  W'hereil  is  imjxiiwihlc  to  disinfrel  cargo  in  «(«,  it  shiD  M 
removed  and  disinfected  in  the  manner  provided  fur  article*  of  ' 
obtrw  in  tht'sc  regidationit ;  suoh  articles  to  be  unpacked  and  to 
raiigeil  as  to  allow  the  disinfectant  used  to  rcadi  every  part  of  all  i 
faces  of  said  artieh-ft. 

"  Par.  o.  Vewwis  arriving  nt  any  port  of  the  United  States  tani 
cholera  or  yellow  fever  aboard  during  tbe  quarantine  season  »hill 
remanded  to  un  anchorage  set  apart  fiir  infected  veeeek,  and  tbew' 
remain  tmtil  after  the  discharge  of  the  pos^'ngers  and  ptiri6catioB  < 
the  vftflscl. 

"  Par.  6.  All  passenger  baggage  disinfected  under  the  rcquir 
of  these  regulations  shall  he  labeled. 

'*  Par.  7.  All  bedding  provided  for  steerage  paswngvra  tnusl  be  | 
stroyed  or  be  dUinfecled  before  being  Inndctl.      Bedlicking  or 
covering  of  niattrcNSf-i  and  pillows  U!°ed  by  paft^engeni  or  crew  : 
not  be  lauded  unless  disinfected  at  t)ie  quarantine  station  in  aocor 
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with  these  regulations  and  tagged  with  labels  ciertif^ing  (o  said  disin- 

ffCtioH." 

Abticlf.  IV.     7)-ealmrnt  in   QuaratUtne  of  Cholera-Infteifd    Wnitelti. 

"  Pak.  I.  Kemovc  all  paa^engerr;  from  tho  vessel  and  all  of  (Jie  crevt 
(ifcliolcn  lijw  oniriirix-d  on  liciiiril)  save  Uiiwe  nei-essary  lo  «ini  fur  Imr. 
Place  the  sick  in  hospital  and  carefully  ioolatc  those  epcciully  suspected. 
Scgn^gnlc  tti«  remainder  in  Kniall  groups.  Nn  communicnliou  shall  be 
held  between  these  groups.  Those  believed  to  bo  especially  eiipiible  of 
ootiveyiug  infection  must  not  enter  the  barracks  until  they  are  liathed 
sod  furnished  with  sterile  clothing;  nor  shall  any  malerial  capable  of 
oonveyiog  infection  be  taken  into  the  barracks,  especially  food. 

"  Par.  2.  If  cholera  has  oeciyrw!  in  the  steerage,  all  occupants 
thereof  must  be  bathed  and  their  clothinj;  disinfect^'d. 

"  Par.  -X   At  onoe  proeeed  with  the  liisiiifL'clion  i>f  the  band  baggage. 

"Pak.  4.  All  baggage  and  effects  accompanying  steerage  passengers, 
liny  other  baggage  or  effects  tliat  may  have  been  exposed  to  infection, 
must  be  disinfected. 

"  Par.  o.  Such  articles  of  cargo  as  are  liable  to  convey  infection 
must  he  di&infeeterl. 

"Par,  (i.  All  living  apartments  and  furniture  and  such  other  por- 
tions of  a  vessv'l  as  are  lial)le  to  ranvoy  infection  f  hall  be  <lisinfecte(l. 

"  Par.  7.  On  cholera-infected  vessels  the  water  supply  must  be 
cbanged  without  delay,  tlie  ea^ks  or  tanks  dliinfi^cted  by  r^leam  or  10- 
percent,  solution  of  potassium  permanganate,  and  after  thorough  rins- 
lOg  refilled  from  a  source  of  undoubted  purity,  or  the  water  supplied 
must  have  been  recently  boile<]. 

"  Par.  8.  Nothing  shall  be  thrown  overboard  from  a  oholera-iufeeted 
vessel,  not  even  deck  sw^Tpings.  Sueh  things  jilinll  he  burned  In  the 
furnace  or  in  a  place  specially  designated,  but  not  in  the  galley." 

Article  V.     Dmnfection,  etc. 

"  Pa«.  1.  H'tlih. — ^Thc  disinfection  of  iron  vessels  shall  be  as  fol- 
lows: 

"('()  With  cargo  :  If  cargo  is  so  stowed  as  lo  admit  of  disinfection, 
it  and  the  bold  may  be  disinfected  without  breaking  bulk,  except  to 
laoh  a  degree  as  to  make  disinfection  pnieticable,  by  sulphur  dioxide, 
10-pcr-ccnt,  per  volume  strength,  for  not  less  than  twenty-four  hours' 
exposure, 

"(6)  Without  cargo;  After  meohanicid  cleansini;  the  holdfljtobe 
thoroughly  washed  with  an  acid  solution  of  bichloride  of  mercury,  1 
to  800  (mercury  I  part,  hydroobloric  acid  2  piirts,  water  800  parts), 
■pplied  under  pressure  to  all  surfaces  by  menus  of  a  hose  ;  (2)  by 
•ulphur  dioxide,  1 0-per-cent,  per  volume  strength,  for  twenty-four 
hours. 

"  Pah.  2.  Sletrafje  and  for&ytalle. — When  posaible  to  obtain  it. 

"(a)  The  stcenige  and  forecastle  sh.'dl  be  disinfected  by  steam *,  ^3EA 
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tcmprrutiire  in  a)I  pnrU  of  tlic»r  ro(npnrtincnl«  to  l>c  not  Icm  than 
100"  C  for  not  less  than  tbirty  minutes  after  such  (emperatore  has 
been  rciwlicii. 

"(f>)  When  fiteum  cannot  he  ohtnined  these  companmcnts  shall  be 
trciitecl  in  tiic  tuiaie  Diaiiner  as  rec^uircd  in  the  disinfection  of  thr 
empty  hold. 

"  Par.  :1.  All  beddingn  and  furnishings  of  the  steemge  and  fore- 
csistic  lo  bf  left  in  pljicc  diiriuK  llie  disinfoctinn  by  tHmn). 

"  If  flteam  diwiutectJon  of  st«eragc  is  not  used,  such  articles  mast  be 
removed  nnder  the  strictest  sanitary  pn-auUions  for  diitinroction  by 
steam  or  burning, 

"  Par.  4,  The  bedding,  fabric8,  and  ciirjieta  ithoutd  he  removed  aod 
disinfected  by  slcum  or  by  boihng.  AAer  thorough  modianics] 
clean.'ting  ilie  woodwork  and  all  other  exposed  surfaces  snail  be  waahed 
with  an  neid  solution  of  bichloride  of  mcrirury,  1  to  1,000,  or  a  3-per- 
oent.  solution  of  pure  carbolic  acid.  Fabrics  which  can  not  be  re- 
moved shall  bf  thoroughly  satnrated  with  a  sohition  of  bichloride  of 
mercury,  1  to  1,000,  or  a  3-per-ccat.  solution  of  pure  carbolic  acid. 

"  Par.  Ti.  Th('  water  Imlhuit  of  a  vessel  coming  from  a  cbolera-iD- 
fected  port  should  be  discharged  at  sea,  or,  if  discharged  in  frteh  or 
bracki.-ih  water,  muiit  l>e  previously  diitinfeoted.  The  tankn  to  be 
flushed  and  rcBllcd  with  seu  water  or  disinfected. 

"  Pah.  B.  For  a  wooden  vessel  the  treatment  is  as  above,  excejrf  that 
expoHurc  of  the  hold  and  living  iipnrtmcnt»  to  sulphur  dioxide,  10-per- 
cent, vnliinie,  must  precede  the  other  treatment,  Tliis  expoanre  must 
be,  for  the  hold,  forty-eight  buur»,  and  fur  living  u[>(irlmenta  twelve 
hours. 

■■  Par.  7,  AM  wilid  iMllaM,  on  vessels  infected  with,  or  su.i|»(-cted  of 
being  infected  with,  cholera,  to  be  discharged  or  disinfcctdl  previous 
to  di»infectinn  of  hold  ;  all  such  ballast  discharged  in  fresh  water  to  Iw 
disinfected  by  saturation  with,  or  immersion  in,  an  acid  solntion  of 
bichloride  of  mercury,  1  to  8lHf. 

" Clear, liimi,cU>M^grRint'd  n.ick  may  l>oiK-rmill<il  to  rcmninoo  board, 
but  only  after  di»nfectton  by  immersion  in  an  acid  solution,  1  lo  800 
of  bichloride  of  mercury.  IJallast  removed  from  vos#«U  infected  with, 
or  suspected  of  being  infected  with,  cholera,  must  not  be  taken  from 
the  quarantine  station. 

"  Par.  H.  DUin/rcdfui  »/  nfirnu/e,  fortcatUe,  and  rwAin  of  ventts  bi/ 
/orniii/tMii/d  (/III. — After  the  removal  of  the  bedding,  car|K!la,  and  fui^ 
nisliingi<,  all  aperturet^  being  tightJy  cloi*cd,  the  Hteenigr,  furccaslle, 
and  adiin  of  a  vessel  may  be  disinfected  by  formaldebyd  gas  in  a  per- 
oentjige  of  nut  lew  tlinn  2-i>er-eent.  per  volume  strenglh,  the  time  of 
exposure  to  be  not  leas  than  twelve  hours.  The  gas  may  be  generated 
by  one  of  the  following  methods: 

"  (a)  From  a  mixture  containing  formalin  lOO  parts,  calcium  chloride 
or  sodium  nitrate  20  parts,  and  glycerin  10  parts. 

"  The  gas  is  vvotvpd  from  this  nolulion  by  heating  it  in  a  special 
bmlcr,  autoclave,  or  formaldehyd  generator. 
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"One  liwrof  «  40-pcrH»nt,  »olulion  or  rormiildehjcl  gas  will  evolve 
about  1,42')  liters  (50.1  cubic  feet)  of  the  gas  at  '20<*  C.  («8°  F.),  and 
will  be  sufficient  for  71  cubic  moters  (2, 50'). A  cubic  fce-t)  of  itpuce. 

"(b)  From  the  substauoc  knowu  as  trioxv methylene  by  meana  of  a 
special  lamp,  not  lefut  thno  2  grama  (:{(>  gniiiie)  to  be  need  for  cndi 
cubic  mctcT  (35.29  cubic  feet)  of  epnce. 

"After  the  dioinfeotton  of  a[tai'lments  (steerage,  cabin,  nnd  fore- 
castle) by  formnltlchj'd  fput,  the  Utter  may  be  ncutnilizc<l  by  ammonia 
gaa,  evolved  from  water  of  ammonia  by  heat,  or  by  evaporation  from 
wat«r  of  ammonia  '  Nprinklecl  uimo  the  floor. 

"Par.  9,  Diainfection  of  clothim/.  baidhif/,  nphodttrred /urntlai-f,  artS- 
fU»  of  leather,  ttt-.,  hy  fnnnnhtrh^il  ijuk. — These  may  be  (Usiii  fecial  by 
formnldchyil  gns  in  tlic  onlinary  jacketed  s(cnm-diiiinfi>cting  chamber, 
the  latter  to  be  provided  with  a  vacuum,  appumtus  and  special  appa- 
ratus for  generating  and  applying  the  gae. 

"  Raise  and  maintain  the  temperature  of  tlie  chamber  at  90^  C.  by 
the  use  of  steam  in  the  jacket, 

"Thennmberof  cubic  centimeters  of  the  formalin  mixture  to  be  used 
may  be  foun<l  by  dividing  the  capacity  of  the  ehamlx.T  in  liters  by  4  ; 
«.  g.,  a  chamber  of  *^,nUO  liters  capacity  would  require  t>25  cc,  of  the 
mixture.  The  time  of  e3C[>oHurc  should  not  be  le^«  tlnin  thirty  minute:'. 
Clolliing,  bedding,  etc.,  thus  <lisinfectcd,  should  be  exposed  in  mlu  to 
equal  amount  of  ammonia  gas  generated  by  (he  special  apparaturt'  iit- 
(•ched  to  the  chamber,  using  one-liulf  as  ninch  water  of  ammonia  as 
formalin. 

"Article  VI.     Vdenlion  of  PoMent/fra  on  Aomunt  of  Chotrra. 

"Par.  I.  The  people  detained  Ahull  be  inspected  by  the  physician 
twice  daily,  and  be  under  his  constant  surveillance,  and  no  intercourse 
will  be  allowed  helwettn  different  groups  while  in  (]nnmntine. 

"  Par.  2.  No  direct  communication  shall  be  allowed  between  any  per- 
son detained  in  (|uaranline  and  anyone  not  in  tjuarautine,  except  through 
the  qtiiintnline  oftitvr  or,  by  his  order,  through  liis  .igents. 

"  Pab.  y.  Tlie  water  and  fottd  supply  will  be  strictly  guarded  to  pre- 
vent contiuiiinntion,  and  i«<ued  to  eiieh  group  sepamtcly. 

"  Par,  4.  Food  of  a  simple  character,  sufficient  in  quantity,  thor- 
oughly cooked,  ^hnll  l>c  isMued  to  those  detained  in  ()iiunmtiue.  No 
fruit  shall  be  permitted. 

"  Par.  G.  Cleonlinessof  <juftrtersand  of  person  shall  be  enjoined  and 
enforced  daily.  Disinfectants  shiill  be  used  where  there  is  any  possi- 
bility of  infection. 

"  ■  Tlip  tjnaniitT  of  water  nr  unmonia  required  for  ntutraliutmn  afUr  each  of  the 
abore-nnmM  nii-((iiKl«i  Imui  ttillowo  ;  AfUf  nwthod  {a},  mwAiM  IIkt  (0.>VJ  qiiiirt)  of 
mtcr  of  Msmoniii  for  oaoli  liter  ( 1.04  qii&rts)  of  rormulin  :  utlcr  mi^Uiod  t  b],  one-halt 
liter  of  water  of  unnumiN  for  each  160  gtatat  [h  ouncpfi)  nf  trioirniciliylcnf. 

'"TheapMlaltppunIUii  muM  oonsl«l  of  n  KDm'miiir.  oiini'ini<'U-<liiri'u]i|wifurcvolt. 
big  fomuldehyd  pia  from  it!' noliilionii.  nnil  n  Him  I  In  r  uni.-  uf  iron  for  nulviii);  niDCnonik 
gu  for  ncuinilitation.  The  prinoiiilc  upnn  which  Ihja  nppnnitiiii  i>  rniutmclnl  i*  do- 
icrib«d  uid  illiiBlRited  In  Piil'lii:'  IK'.iItli  lt(<i>i>rlii.  Miiriiii'-IlnNpitnl  Service,  Jinuur 
ni  1667,  Vol,  Xll.,  No.  6,  anil  Si-pti-mbpr  Ti,  l(*Bti.  Vol.  XIV.,  So.  3,8." 
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"  Par.  6.  WitcT'closete,  iirinnb,  privieit,  or  Irou^hii  etiall  be  pro- 
vided, and  their  contents  disinleat«d  before  tliey  art-  di»«l)iirgcd. 

"  ]*AR.  7.  Ill  aiij'  group  in  wliicli  cholera  appears,  the  sick  wi|[  be 
immediately  isolated  ia  hospital,  nnd  the  rciniiiniug  perpoii.^  in  the 
(^ruup  Miall  \k-  Imlhivl  mid  their  cRccts  be  diMinfcctw],  tlien  rvmoved  to 
other  quarters,  if  |)o&^ible,  and  the  compartment  disinfected. 

"Par.  S.  No  direia  »)mmi]ni<inliun  shnll  bo  nllowed  bvtwccn  the 
physiciaD  and  attcadunts  of  the  hospital  and  those  detained  in  quaran- 
tine. 

"  Xo  pcrttou  Hliall  be  dischur|?e(l  from  quarantine  until  6ve  dnya  bttve 
elapsed  since  the  last  exposure  to  infection  and  a  final  disinfectJoo  of 
such  «flpct8  as  were  taken  to  biirmcks. 

"  No  convalescent  from  cholera  flhall  he  discharged  fntm  quarantine 
until  al^r  a  auHicient  time  has  elapsed  to  ineura  his  iVccdom  from  in- 
fection.' 

"  Par.  II.  The  body  of  no  person  dead  of  cholera  shall  be  allowod  lo 
pass  through  quarantine.  The  body  should  be  cremated  if  pmotioable. 
If  ncit,  it  should  ho  wnipjH-d,  witlioiii  preliminary  waMhing-,  in  a  ithiM 
Esturatcd  with  a  solution  of  bichtond«  of  mtrcury,  1  to  6UU,  and  boried, 
^urroundtKl  hv  caustic  lime. 


"Ahticlk  VII.     DiiilnfectioH  of  Permnai  E^teta  of  Patrngtrs  and 

Q-rw  (inrf  Qtrtfo. 

"  Par.  1.  Clothing,  bedding,  and  articles  not  injured  by  steam  shall 
be  disinfected — 

"(«)  By  exposure  to  Hteam  at  a  temperature  of  lOO"*  to  102"  C.  for 
thirty  minutes  after  such  tcmpcnitnrc  has  Iwcn  rcachwJ. 

"{it)  By  boiling  for  lit^ecn  mioules;  all  articles  to  he  submerged. 

"  (e)  By  a  thorough  saturation  in  a  aolulion  of  bidduridc  of  mercury, 
1  to  1,000,  and  allowed  to  dry  before  washing. 

"  Par.  "2.  Articles  injured  by  sleaui  {ruhlx-r,  leallicr,  etc),  and  con- 
tainers  to  the  disinfection  of  xvhich  steam  is  inapplicahle,  shall  be  di»- 
inftictcd  by  thoroughly  wetting  all  surfaces  with  a  solution  of  bichloride 
of  mercury,  1  to  800,  or  a  5-per-oi'nt.  solution  of  cailwlic  acid,  and 
allowed  lo  dry  in  open  air. 

"  Par.  3.  Cooking  and  eating  utensiU,  by  immersing  in  boiling 
water  or  steam. 

"  Par.  4.  All  ragnand  old  textile  fabrios  ased  in  the  manufacture  of 
paper,  and  all  old  gunny,  old  jute,  etc,  fit  only  for  remanufactare, 
gathered,  col1ect<-d,  {>acked,  or  handled  in  any  [)ort  or  place  where 
cliolcra  (cholerine)  or  ycllcw  fever  exisls,  or  where  smallpox  or  typhua 
fever  prevails  in  epidemic  f"rm,  and  for  thirty  days  aOer  the  port  or 
place  Hliall  be  officially  declarci)  frvc  from  sticli  diseases  or  epidemic 
shall  he  denied  entry  into  any  port  of  the  United  Stales. 

"  Par.  ft.  No  rags  or  (dd  textile  fabric  iwd  in  the  maiiuraclure  of 
paper,  or  articles  enumerated  in  the  preceding  paragraph,  which  hav9 

"■To  be  d«t«niiui«il  Iij  bacleriologiciil  cxunioalioa." 
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not  been  dwinfeet«d  in  acoortlanec  with  Article  VII.,  pArofrmpti  3,  of 
the  Uoil«l  States  Quarantini^  Regulations  for  foreign  ports,  sliall  be 
admilt«-d  into  tlit:  Uiiit<-d  Stak's. 

"  (Old  Jute  bags,  old  cotton  bags,  old  rope,  new  oottou  and  linen  out' 
dnfta  from  ftiotorieii  not  included.) 

"  Par.  6.  AJl  unlabeled  baggage  of  steerag:«  pasA^ugere,  iooludiog 
band  baggage,  and  all  Inbeled  bi^gage  of  tuiid  )ifu^ciif;i?r!i,  wbicih  in 
tbe  opinion  of  the  qnuninliuc  oRict-r  should  be  disinfected  or  rcdiain- 
fected,  arriving  from  oriental  |>orte,  including  [tortii  of  Hawaii,  nt  lyny 
port  in  the  States  of  Oregon,  Washington,  or  California,  shall  bo  dis- 
infMted  as  provided  in  Article  VII.  of  the  Quarantine  Itlegulaiions  for 
domentic  juirts  before  being  liiiided. 

"This  regulation  will  also  apply  to  any  other  baggage  which  the 
quarantine  officer  may  suspect  of  being  infi.<ctcd. 


"  ARTi(ri.K  VIII.      IWxitiixent  of  IVmi^i  In/'-^led  or  Sttepectcd  of  being 
hifeeled  leith    YrUow  J-'rvn: 

"  Par.  1.  Where  practicable,  at  onoc  rvniove  the  sick  to  hospital ; 
remove  and  isolate  all  persons  not  required  for  the  care  of  the  vessel. 

"  Par.  2.  If  llie  hold  is  deenitHl  infect*'d,  there  shall  be  a  preliminary 
disinfection  as  hereinaller  provided, 

"  Par.  3.  The  bilge  should  lie  clean.ied  with  wa  water,  if  possible, 
before  disiufeetion,  and  the  bold  rendered  rnechaiiically  clean. 

"  Par.  4.  All  ballast,  except  close-grained,  hard  rock,  must  be  di^ 
ebargod.  This  may  lie  retained  nboard  if  dii^infected  by  immersion  in 
an  acid  aoUition  of  bichloride  of  mercury,  1  to  800. 

"Par.  5.  Af\cr  disehargi- or  disinfection  of  balliii^t  the  vessel  should 
be  disinfected. 

"  Pad.  6.  If  it  is  so  slowed  as  to  admit  of  disinfection,  tbe  cargo  and 
the  bold  may  l>c  disiDfecled  without  breaking  bulk,  except  to  auob  a 
degTM  as  to  render  dioinfeotion  pmeticable. 

"  It  shall  be  as  follows : 

"  Holds  to  be  treated  with  sulphur  dioxide,  10-per-oent.  strength  per 
volume,  forty-dgbt  hours'  exposure  for  iron  vessels,  seventy-two  boura* 
exjKitiiire  for  wooden  vessels. 

'•  Par.  7.  Empty  holds  to  be  disinfected  as  follows: 

"(it)  If  of  iron,  by  sulphur  dioxide  gas,  10-per-cent.  strength  per 
volume,  for' twelve  hours'  exjHiHure,  or  by  washing  with  a  solution  of 
bichloride  of  mercury,  1  to  800,  applied  under  pressure  to  all  surfaces 
by  means  of  a  hose. 

"(6)  If  of  wootl,  by  both  of  tlie  preceding  methods,  save  that  the 
ex|»)isurc  to  sulphur  dioxide  gas  shall  be  for  twenty-four  hours,  air 
streaks  to  be  open  ;  tlic  use  of  the  gas  to  precede  the  use  of  tlie  mer- 
curic solution. 

"  Par.  8.  Cabin,  fiireeastle,  etc.,  nflcr  mcchaoieal  cleansing,  to  be 
finrt  treated  with  sulphur  dioxide,  not  less  than  G-jwr-cent.  strength 
per  volume,  twenty-four  hours'  expo.snre.     Then  (ai'ter  cleansing  witK 
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vatcr,  if  denrcd)  wwli  nil  exposed  Hurfuces  with  ft  Mlotlon  of  bteblo- 
rid«  of  meroary,  1  to  tSdU,  or  pure  carbolic  acid,  3  per  oont. 

"  I'ak.  9.  Clothing,  k-ddiiig,  mid  all  fabrics  which  can  be  remorwl, 
not  injured  by  stenm,  slmll  bo  disinfected. 

"  («)  liy  exposure  to  xteam  at  a  temperature  of  100°  to  102*  C.  for 
thirty  minutes  sfler  such  tcmpcniture  hiu  bcci)  readied. 

"  (^)  %  boiling  for  fineen  miautes ;  oil  articles  to  be  submerj^d. 

"(c)  By  K  thoronpli  snturnlinii  in  n  f^nlutluii  of  biddoride  of  mer- 
oary, 1  to  1,UU(I,  and  allowed  to  dry  before  wnshin^. 

"  Par.  10.  Articl««  injntvtl  by  slenni  (rubber,  lenlher,  etc.),  and  oon- 
tainere,  to  the  disinfection  of  which  steam  is  inupplicnblc,  shall  be 
dUinfontivl  by  (ti)  thoroughly  wetting  all  Hurfacen  with  a  solution  of 
bichloride  of  mercury,  I  to  SOO,  or  a  'i-|icr-ccnt,  solution  of  pure  car- 
bolic flfid,  and  allowed  to  dry  in  open  air;  or  (fc)  by  exposure  to  the 
sulphur  fumigutioti,  in  ciibin,  for^-caslle,  or  hold,  or  by  metliod  pre- 
scribed in  Article  V.,  (taragraphs  8  and  SI. 

"  Par.  1 1 .  The  pvrsimnol  of  the  vessel  slmll  l>e  detained  Ave  days 
from  the  completion  of  the  disinfection,  or  three  days  if  all  bagfjage, 
eiTcotit  of  patMcngers  and  crew,  nnd  the  ve.SM^l  arc  handled  excluiiively 
by  quarantine  employees. 

"  1'ar.  12.  If  the  vessel  ha«  been  diiiinfected  under  the  Rupervision  of 
an  accredited  medical  olliccr  of  the  Unite<l  States  at  the  port  of  dcpo^ 
tare,  the  [leriod  of  (junrantine  may  date  from  completion  of  such  disin- 
fection, and  shall  not  be  less  than  live  diiys. 

"  Artictj:  rX. 

"PB0Beog;or  traffic  may  be  allowed  during  the  quarantine  season  from 
any  port  iufectt'd  with  yellow  fevi-r  to  any  )»ort  of  the  Uniled  !>tatee 
south  of  the  southern  boundary  of  Maryland  under  the  following  cod- 
ditions : 

"  (a)  Vessels  to  be  of  iron  and  clean  imnaediately  prior  to  taking  oo 
pafi^ngers. 

"  (/j)  The  vessel  miint  lie  at  moorings  in  tht-  open  harbor  nnd  not  a[>- 
proacb  the  wharves,  nor  must  the  crew  be  allowed  ashore  at  the  port 
of  dejMirture. 

"  (c)  All  passengers  and  crew  must  be  immune  to  yellow  ftver,  and 
80  certified  by  the  United  Slates  medical  ofBcer,' 

"  ('/)  All  Imgg.igc  which  ha-i  not  Iwen  disinfcclwl  at  tUc  port  of  de- 
parture by  the  United  States  medical  officer,  or  which  is  not  in  bond 
for  point«  north  of  the  southern  boundary  of  Afarylattd,  shall  ba  dia* 
infected  at  the  quarantine  at  the  port  of  arrival ;  do  bedding  or  house- 
hold eflccis  to  be  «Ili)w<'d  to  enter. 

"ArtICI-B  X. — iSitKtUaneoHii. 

"Pab.  I.  Tlie  treatment  of  vessels  infected  with  typhus  fever  shall 
be  the  same  as  that  preseribed  for  yellow  fever. 

"'The  eridencc  orituiaunitr  wliich  mny  br  accrpletl  br  the  lanilMT  intfrneUa  b: 
Ptm,  proof  of  cnniiniiod  nviiii'iic'.'  in  mi  ciidraiic  foeui  of  yvllov  fever  for  Ma  fcan; 
MOaad,  proof  ut  ^kvIuub  UIikV  i^  'jeUon  Ivtvt." 
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Par.  2.  Th«  deUDtion  of  [infwenfri-r*  nml  crew  for  small)K>x  nnd 

ihus  fevor  shall   cover  the  period  of  lucubatioii  of  the  disease,  the 

laaue  of  detenlion  u>  oommeincf  from  the  dat^^  of  Imtt  exposure ;  typhus 
tntr,  not  \\M6  thnii  tvrent}'  duys ;  smiillimx  not  IcsH  than  fourteen  diiys. 
"  Par.  3.  Vessels  detained  at  any  uational  quarantine  will  be  sub- 
ject to  Hiioh  nddiliunal   rules  und   n'giilultoDB  (ut  mny  be  promul^tcd 
from  time  to  lime  by  the  Supervising  Surgeon-^^Jeneral. 

"  Pah,  -1.  The  futlowiu|r  is  tlio  form  of  certiticjite  wliicli  ^<^lflll  bo 
ittoed  to  the  vessel  by  the  health  oflioer  when  she  is  released  from 
quaranlin« : 

, .  190-. 

I  cenil^'thal ,  of ,  ft-uut ,  hoe  in  ullreiipcctH  complied 

tbcfiunnintini^roiTiiliiIiniiii  prescribed  hy  Iht?  Seeretary  of  tlic  Tre-nnnry, 
that  in  my  opinion  she  will  not  convey  qua  rani  iiiubte  diaeo^o.  Said 
el  in  tliiH  duy  i;nuil(td  frve  {imUque. 


Hntlh  (QiiOTantine)  Offieer, 
Port  of — - 


"  Articlk  XI.     Inspection  of  State  and  Jjocal  Quarantineti. 

"  In  the  performance  of  the  duties  impost'd  upon  him  by  the  avt  of 

jniary  15,  18!*.'J,  ilie  Supervbiing  Surgeon-(ieneral  of  the  Marine- 

gpilnj  S<'rvio«  shall,  from  time  lu  tinu',  ptrsoiuil ly  or  through  a 

Jy  detailed  officer  of  the  Marine-IIoapital  Service,  inspect  the  marj- 

quamntinra  of  the  United  States,   stato  nnd   lot-ul   as  well  a» 

mal,  for  the  purpose  of  ascertaining  whether  the  quarantine  regu- 

lions  pn.irteribi-d  by  th*-  Sii^nMary  i>f  the  Treiisiiry  have  been  or  are 
;  complii'd  with.     The  Supervising  Surgeon-General,  or  the  oflScer 
led  by  him  as  inspector,  shall  at  his  iliscretion  visit  any  ineomlng 
el,  or  any  vessel  detained  in  ifusiruntine,  anil  all  portions  of  tha 
itine  establishment  fi>r  the  almve  named  purjiose  and  with   a 
to  certifying,  if  ncetl  be,  tliat  the  regulations  have  been  or  arc 
og  enforced. 

"  Adticle  XII.     Cknadian  and  JI/<r-.rtoan  Frontitra. 

"Par.  1.  When  practi<yible,  alien  immignuits  arriving  at  Canadian 

Mexieaa  porta,  da'itined  for  the    lTnite<l  States,  shall   l>e  ins{>ccted 

the  port  of  arrival  by  the  Uniti.-d  States  consular  or  m(Hlii-al  officer, 

'  be  subjected  to  the  same  sanitary  restrictions  as  arc  called  for  by 

rule*  aihI  regulations  governing  United  Slates  porttt. 

"  Par.  'i.  Inspection  cards  will  be  issued  by  the  consular  or  United 

■tvM  mv<licul  otfioer  at  die  jH)rt  of  arrival  M  all  such  alien  immigrants, 

labels  affixed  to  thoir  baggage,  as  is  rei|uired  in  the  chsc  of  thoM 

ling  direct  from  foreign  porta  to  any  port  of  the  United  States. 

"Par.  3,  Whenever  alien  iramignuits  are  not  ii)s|>cete(l  at  the  port 

arrival  by  the  tTnited  States  consular  or  medical  officer  they  shall 

Bter  the  United  Siati.-:^  through  ciTlain  designutcd  places  on  the  fron- 

rbere  they  shall  be  inspected  for  the  purpose  of  preventing  the 
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introduction  of  qaarantinable  dtseaae.     This  inspecUon  «hall  be  held 
by  (iu}-U|;ht. 

"  Pau.  4.  If  any  person  be  found  suiTering  from  a  qonraatinsble 
dictMise,  vT  pri'Hunmbly  lnfocU'tl,  ho  ahull  b<.<  denipd  cutry  to  long  is 
dangler  of  oonveying  the  infection  exists. 

"  Par.  5.  Any  bn^gnge  or  oilier  t-ffecU  believed  to  be  infected  shall 
be  refused  entry  until  mude  sufe  by  a.  proper  dii^infcction. 

"Par.  ti.  Persrms  oomiiig  from  IncatiticH  wh(!n-Hmiill[H)x  i«  prevail- 
ing in  cpidtmic  form  Eliall  not  be  sllowed  entry  without  vacKnalioD, 
unlesa  they  are  protected  by  a  previous  attack  of  the  diaeaw  or  a  re- 
cent aUL'ct^^Mtful  vucc'inntioD. 

"  Pak.  7,  Persons  coming  from  localities  where  typbns  fever  pre- 
v«il«  in  epidemic  fonii  Bhnll  not  bo  allowed  eiitr}-  until  they  liave  been 
away  from  such  locality  fourteen  days  and  their  baggage  disinfected. 

"Par.  S.  During  the  quarantine  iieftKMifpenoDsoORiingfrom  ulaoja 
where  yellow  fever  prevails  will  not  be  permitted  to  enter  until  they 
have  been  iiwiiy  from  mu<^1i  luciilitr  U-n  davn  and  thoir  l>ii>^ngc  has 
been  disinfected.  But  persons  immune  to  yellow  fever  will  oot  be 
detained. 

"Far.  9.  No  common  carrier  which  is  infected,  or  eu8|wcted  of 
being  infected,  shall  be  allowed  to  enter  the  I'nited  States  until  after 
such  nH-ii«iires  have  been  taken  n*  will  render  it  safe. 

"  Pau.  lit.  Articles  of  merchandise,  personal  effects,  etc.,  which  are 
capable  uf  convcyini;  infection,  and  which  are  presumably  infected, 
shall  not  be  allowed  entry  into  the  United  States  until  after  disinfeo- 
tion. 

"pAlt.  11.  The  methods  of  disinfection  shall  be  those  prescribed  in 
the  Rulea  and  Regulations  made  for  tlie  maritime  quarantines  of  llie 
United  States. 

"  Immigrants  who,  with  their  baggage,  have  l)een  in.speoted  at  a 
port  of  the  United  States  by  a  qimrnntine  oiTicer  ujion  lauding,  wiil 
be  exempt  from  further  oiiarnntine  inspection  when  rei-nlering  the 
Unit<Hl  Statef  from  Ciinaaa,  unless  there  is  re-»««}n  to  believe  that 
disease  has  developed  among  such  immigrants  since  such  landing  and 
inspection. 

"  Pad.  12.  Rugs  gatJicred  and  baled  in  Canada,  ncoompanied  by 
affidavits  that  the  ports  or  places  where  collected  or  handled  were  free 
fr«>m  (luamntinnble  disease  for  thirty  iliiys  prior  to  shipment,  may  be 
admitted  to  entry  ;  but  rags  from  foreign  ports  shipped  through  Canada 
ahall  oot  l»e  admitted  to  entry,  unless  they  are  accompanies)  by  a  cer- 
tificate of  a  United  States  consul  or  medical  officer  of  the  United 
States  that  they  have  been  disinfected  in  accordance  with  Uie  United 

ttes  quarantine  regulations. 
'  Foreign  mgs,  not  originating  in  Canada,  but  shipped  tlirmtgb  Out- 
ada  to  ports  in  the  United  States,  will  not  be  permitted  to  entry  by  col- 
lectors of  euflloms  unless  aeoonipanied  by  the  alwve-named  wrtificate, 
or  until  after  they  have  In-en  unbnied  and  disiufeeted  as  re<juired  by 
the  Uniteil  States  quarantine  regulations. 


T  " 
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"  ARTKf.E  XIII.     Special  RfgtUafitmi  Rdnting  (o  Naval  V<Mfig. 

'Par.  I.  Such  communicatioa  may  be  allowef]  with  vesaels  of  the 
lailed  State«  Mavy  ns  tlie  ecr(ifi«atc  of  tliv  modicnl  oflicfr  of  said 
sbovrs  will  not  be  liable  to  convey  infection. 
"Pab.  2.  TheoertilicatUJiof  thenie(li<^ftl  nftiwoiof  ihe  t'nit«d  Sta(«» 
ITaw  that  the  Unitod  8t:it«s  Quarantine  RcgiiUtione  have  been  com- 

wiiii  may  be  aocepted  fur  naval  vesftel:*. 
\ "  Pab.  3.  V<!«m'18  of  the  United  States  Navy,  Lavinu  entered  th« 
ITS  of  ports  infeeted  with  yellow  fever,  and  having  held  do  cotn- 
iRJcation  whioh  is  liable  to  convey  infection   to  the  v«»8fl  or  her 
may  be  exempted  from  the  quarantine  restrictions  imposed  oq 
]t  vesseb  from  «»oh  porta. 

"  ABTIC1.E  XIV.      Trrat'nciit  of  Vrgsflt  Sugpecfnl  of  Ptag\ie. 

"Par.  1.  The  rcgulationit  heretofore  promulgated  with  regard  to, 
olem  hiliall  be  ohservcil  with  n'Riird  tn  vtsacls,  wirgo,  piwHcngiTS,  and ' 
BWB  infoetcd,  or  suspected  of  being  infected,  with  plague,  but  persons 
hai'e  been  exjw^  to  the  infevtlou,  or  »tv  liiibli^-  to  convey  th« 
F>  shall  bo  detained  for  a  period  of  not  less  than  (iftcen  days  from 
last  pQAsihIe  exjKksure  in  infection. 
"  Par.  2.  If  u  vcstiel  has  been  disinfected  at  tlie  port  of  departurfl 
utd  the  personael  bathed  and  their  body  clothing  and  baggage  dimn- 
beted  by  a  «ommis»ioncd  initliiml  oRiwr  of  the  Marine- Hospital  Scr- 
Tice,  where  proper  jaeilities  for  such  work  exist,  and  in  all  other  re- 
■pects  lias  eomplie<l  with  tin;  Unilfd  Sliitfs  Trwisiiry  rc'gulations,  and 
if  no  suspicious  sickness  has  occurred  eu  route,  such  vessels  may,  in 
the  discretion  of  tlie  cpiarantino  offimr,  have  the  time  of  the  voyage  de- 
luctcd  from  the  period  of  detention. 

Par.  3.  Xo  person  from  an  infected  or  snsfMKited  port  or  place 

■11  !»■  iidmiited  into  the  United  Slnte*^  nntil  a  total  perio<l  of  fifteen 

■ya  shall  have    elapsed    under  observation   either  at  the  port  of  de- 

ture,  at  !M»,  or  nt  jwrt  of  arrival,  excepting  Jis  htTciniiftor  providcil. 

"Par.  4.  A  firBt-ca.bin  passenger,  bearing  the  certificate  of  an  oiB- 

of  the  Marine- Hospital  Scrviee,  certifying  to  non-exposnre  to  ibe 

tioD  of  plague  for  the  fifteen  days  immediately  preceding  cmbarka- 

nmy  be  admitted  to  entry  without  detention,  provided,  in  the 

inioo  of  the  (jnamntine  officer  at  the  port  of  arrival,  he  has  nut  lx;en 

ea  route  to  persons  or  things  presumably  infected. 
"  Par.  5.  .\ll  [loiwengt're  excepting  the  (irst-iwbin  paste ngers,  »liall 
:  ballied,  and  body  clothing  disinfected  before  landing.     Similar  meos-  , 
»hall  be  takeji  with  the  crew  and  ihi-ir  etTcct^  if  the  i|unmntine' 
Soer  believes  the  crew  has  been  exposed  to  infection. 
'Par.  6.   .\\\  baggage  from  infi-eled  places  should  tie  disinfected, 
at  X\\«  port  of  departure  or  entnutce,  in  full  tte«>rdnuoG  with 
Tnileil  States  Quarantine  Regulations.     When  disinfeeted  at  the  port 
'departure,  \\w  c^ntainerB  stiall  be  sealed  and  ticketed  with  u  yellow 
fdiwofec'ed"  label,  signed  by  a  medical  officer  of  the  Marine-Hoe- 
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pita)  Service  nt  the  port  of  deparUirc.and  if  seals  and  labelft  are  intad 
At  port  of  arrival,  puch  puckagci)  may,  in  iita  diacretioti,  be  posacd  by 
the  quRmiitiii<>  officer  at  tlit-  port  of  arrival,  without  furthi^r  diniiifM- 
tion.  Haod  baggage  and  baj^^gc  opeued  or  used  on  the  vovage  mast 
be  dixinferted  on  arriviil.  In  no  cnec  sliall  Milled  body  linen  be  ad- 
mitted  without  disiafectioti. 

"  Par.  7.  A  veasel  frotn  a  )ilagiu>infiM^i'd  or  itiiKpecled  port,  carry- 
ing poasengere  but  no  ship';*  surgeon,  niiiy,  in  the  discretion  of  t!ie 
quarantine  oRict^r,  lif^  qunnknlincd  wJtii  nil  on  hmird,  for  the-  full  ttfieen 
dsyH  from  the  completion  of  disinfection.     (See  nat€.) 

"  Pah.  8.  A  vesael  from  a  ph)gui--inie('t<>d  or  >iu)i|>ecled  port,  arriv- 
ing with  fewer  (lorsons  un  Ixmrd  than  are  accounted  for  on  tiic  bill  of 
health,  may,  in  the  dixcretion  of  the  quarantine  officer,  be  considered 
us  nn  iiifi-cli'd  vewwl. 

"Pah.  9.  Vessels  suapected  of  plague  nhall  be  disiiufected  in  whole 
or  in  parr,  in  the  diitcretiun  of  the  quarantine  officer,  «i>d  .-wid  dt^infeo- 
lion  shall  be  in  uccordunce  with  the  ppoviaions  of  Article  XVI. 

"AnTlCLE  XV.      Ti-entment  of  PUii/ue-in/eeled  Vntfit. 

"Par.  1.  Retnove  all  pa-tttengent  from  the  vcMel,  and  all  of  the 
crew  «ive  those  nt'cessnry  to  earc  for  her.  Ptuoc  the  sick,  if  any,  In 
hospital,  and  isolate  those  specially  suspected.  Segregate  the  re- 
maiiuler  in  small  groups,  wherever  faeiliti<«  for  such  segrogntioo  exist. 

•'  Par.  2.  Persons  with  abrasions  or  oi>en  sores  should  have  them 
protected  with  projH'r  dressings  hvhw  bring  permitted  to  handle  per- 
sons or  articles  believed  to  be  infected  with  plague. 

"  pAit.  3.  Pri^liiihuifi/  ilifin/ri'tion, — .After  rt-mtival  of  the  pcrBonnel 
a  preliminury  disinfection  of  all  acoeseible  parts  of  the  vessel  must  be 
performed  with  sulphur  dioxide.  This  pn-Iiminary  di.4infeGtion  should 
be  started  in  the  morning  in  order  that  guards  may  be  placed  on  deck 
and  in  snuill  Imats  around  the  vessel  to  delect  anil  destroy  any  escap- 
ing rats. 

"  Pak.  4.  The  «-al«r  supply  must  be  changed  without  delay,  th* 
casks  or  tanks  disinfected  by  steam  or  lO-per-eenl.  mlution  of  potit»- 
sium  pertnanganntc,  and,  after  thorough  rinsing,  refilled  from  a  source 
of  undoubted  pnrity,  or  the  water  supply  nujst  liave  l>een  recently 
boiled.  Some  wnter  tanks  arc  not  n-adily  inspectnl  and  clmnscd  OD 
account  of  their  inaccessibility  ;  these  may  l>e  rendered  safe  by  leading 
u  eltAm  pipe  into  thorn  and  boiling  the  water  in  mVu. 

"Par.  5.  Nothing  shall  be  thrown  overboard  from  the  vessel,  not 
even  d^ok  sweepings.  Sudi  niiiterinl  shall  he  burned  in  the  furnnceor 
in  a  place  s|>ocially  dcsiguated,  but  not  in  the  galley. 

"  Par.  6.  Plaguc-infect«d  vessels  shall  be  di»in(Wt«I  in  occordaOM 
with  Article  XVI. 

"  Par.  7.   DdenSlon  of  j>er»oni\rt . 

**(a)  If  ]>niclieJilile, nntipeste  scrum  should  l)c  used  n*  a  preventive 
measure  on  all  the  personnel  of  any  v<\ssel  arriving  with  a  iiistoiy  oi 
sickncM  of  a  suspicious  olinrnctcr  on  board  during  the  voyage. 
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'(&)  The  pereotmel  o(  veaael  shall  be  detained  under  ol>iKr\'&UoD 
Sfteen  days  from  ihc  lujtt.  |Hf!iMiblf  cx|>OBurc  to  infection. 

"(c)  Tlic  people  d<.'taiiicd  ahall  l)e  in.i|>ePte<I  l>y  the  phyaioian  twice 
(kily  and  be  under  \\w  i,H)i]^titiit  siirvcillunfc,  niid  no  intvroourse  will 
bedlowcd  betwMii  llie  different  groups  while  in  quarantine. 

"  (rf)  No  direct  C4)miniinionl ion  nhull  be  allowed  between  any  pcrsoD 
lielAinn)  in  quantiiline  und  any  one  not  in  quarantine,  except  through 
the  quanintine  ofHoer. 

'■  (#■)  Tin:  wat*-r  und  food  supply  shall  be  strictly  guarded  to  prevent 
eootamiuntion,  mid  issued  to  each  group  sepenitely. 

"  (/)  Clean liiitTtiH  of  r|nnrt^'rs  nnd  of  perHone  xhall  be  enjoined  and 
(■forced  daily.  Disinfection  shall  l>e  uried  where  there  is  any  jwssi- 
Inlity  of  infection. 

"(ff)  Watcr-ciosets,  urinals,  privies,  or  troughs  shall  be  provided, 
ind  their  contents  dUtnfcoted  before  they  arc  diadiiirjjed. 

"(A)  In  any  group  in  which  plague  appears  the  sick  shall  be  im- 
nediately  isolated  in  hospital,  nnil  the  n-muinin^  persons  in  t!ii'  group 
lUI  be  batlxil  and  their  effects  ditiinfccted,  then  removed  to  other 
quarters,  if  possible,  and  the  eonijiartment  dinin fitted. 

"(i')  No  convale)*c>eiit  from  plague  elmll  be  discharged  from  quiiran- 
liin  until  aAcr  a  sufficient  time  has  elapsed  to  ini^ure  his  freedom  from 
ikftction,  u>  l)e  dotiTmined  by  buetcriobijjinil  exiiiTiinution, 

"  (i)  The  body  of  no  person  dead  of  plague  shall  be  allowed  to  psM 
ttrongb  quarantine.  The  iKxiy  shuuld  Ixi  cri'inati^d,  if  pnicticabli-.  If 
Mt,  it  should  be  wrapped,  without  preliminary  washing,  in  a  sheet 
ntonated  with  a  solution  of  bichloride  of  mercury,  1  to  TiOO,  surrounded 
is  the  (wfiin  by  twice  the  body  weight  of  caustic  lime  ami  buried. 

"(/)  Mammalian  aniranU,  such  as  dogs,  catit,  monkeys,  mice,  etc., 
which  not  infrcipicntly  acoumpany  pai^sengers  as  petjf,  should  not  be 
ibippetl  from  a  plague-infected  or  sus]>ected  port  or  place.  Should, 
hotrever,  such  arrive,  they  shall  bv  held  in  quarantine  at  least  fifteen 
day*. 

"AsnCLE  XVI.    Dmnfeciion  of   Va»d»  Infected  or  Suitpedal  of 
Bring  Inffcted  wiUt  Plague. 

"  Par.  1 .  HoftU  of  iron  iTmels, 

"(a)  WiUt  cargo. — By  twenty-four  hours'  exposure  to  sulphur  di- 
osido,  lO-per-oeut.  per  volume  stn-nglh,  generuttil  by  an  appn)ved 
Aimace,  or  forty-eight  hours'  exposure  to  fi-per-ceut,  per  volume 
itivngth,  gv»i;mt«<l  by  pots. 

"  (i)  Where  cases  of  plague,  or  deaths  from  the  same,  have  occurred 
00  board,  or  where  there  have  be<-n  deaths  pi'e^umably  from  plague 
tMioag  the  rata  on  a  vessel,  the  cui^)  shall  be  lightered,  in  order  lo 
fiotDplele  the  disinfection  of  the  vessel  and  facilitate  the  removal  of  all 
nte  and  other  vermin. 

''This  same  procwlure  mav  be  required  bv  the  quarantine  officer 
Jfbenevcr  in  hi^  Judgment  tJie  vessel  or  cargo  in  dii-infectul. 

'(e)  \Vhere  it  can  be  procured  in  auiSoient  quantity,  liquefied  sul- 
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Ebur  dioxide  may  be  i»ed  in  the  diainfection  of  cargoes,  holds,  and 
ving  apartments,  it  being  borne  in  mind  tbnt  it  will  be  necvHtan*  to 
eiiipliiy  2  {loiinds  of  thin  lual^rial  in  lieu  of  I  pound  of  sulphur  where 
indicated  in  the  above  rvgulutii>ni(. 

"  (d)  No  peraon  should  be  allowed  on  the  vessel  or  around  the  cargo 
with  bare  feet,  uiid  the  iisc  of  propi-r  pneoaiili'm   in   handling 
vermin  is  advised. 

"(«■)  WUhfntt  txtrgo. — After  the  prftiminari'  dLsinfiM^tion,  provi 
for  in  Article  XV.,  paragniph  3,  followed  by  mechunical  cleansing  the 
bold  mu^t  Ix!  thoroughly  wii»lied  with  a  solution  of  bichloride  of  mer- 
cury, 1  to  800,  applied  under  pressure  to  all  Mirfaccs  by  iD«aDs  of  a 
hose,  or  diiunfected  by  sulphur  dioxide,  10-per-eent.  per  volume 
strength,  for  twenty-four  hours,  or  5-per-cent.  per  volume  strength  for 
fiirly-eight  hours, 

"(/)  The  water  Iwillnat  of  n  vensel  coming  from  infoct^'d  orsu^pecUd 
ports  should  be  discharged  at  sea,  or,  if  dischai^jed  in  fresh  or  bract 
water,  must  be  previouwly  dieinfectod,  the  tanks  to  be  flushed  and 
filled  with  sea  water,  or  disinfected. 

"  Par.  2. — IfiJtbt  o/troiMlen  tt*»^. 

"Pur  a  woo<len  vessel  the  treatment  is  the  aime  »s  for  iron  vtwdi, 
except  that  the  exjMMiiire  of  the  hold  to  sulphur  dioxide,  lO-per-noL 
■  per  volume  strength,  must  precede  the  washing  with  iKchlorwIe,  sod 
this  exposure  must  be  forty-eight  hours  in  wooden  vessels  wfibxil 
caigu,  or,  if  only  •Vpcr-eeiit.  p«r  volume  strength  »i>lpliur  dicnidc  a 
obtainable,  the  e.tposure  must  be  seventy-two  hours. 

"  Par.  3.  All  sulid  ballast  on  vo»»el«  infected,  or  su^|>ected  of  bong 
infected,  %vith  plague,  to  be  discharged  or  disinfecte<l  pre\'ioti»  lo  (U»- 
iufiDCtion  of  hold  ;  all  such  ballast  discharged  in  fresh  water  to  be  di*- 
infected  by  saturation  with,  or  immersion  in,  a  solution  of  bichloride 
of  mercury  1  to  800. 

"Par.  4.  Clear,  hard,  cIot»e-grained  rock  may  be  pennilted  tote- 
main  on  board,  but  only  after  disinfection  by  immersion  in  a  solndoo 
1  to  800  of  bichloride  of  mertrnry.  Ballast  removed  fni;:i  ■■  --■!<  in- 
fected, or  auspccti?d  of  being  infected,  with  plague  mu^t  i.  i  i-  :akeD 
from  iiii>  iiuarantine  station. 

"Par.  5.  Bilges  shall  be  cleansed  and  disinfected  In  the  mattef 
provided  for  water  tanks.     (Article  XV.,  paragraph  4.) 

"  Par.  B. — [.ivi'i'i  compitrlmnilM  of  nil  r/itwK  of  rrnKr/it. 

"(a)  The  preliminary  disinfection  sliatl  be  done  with  sulphuruiM- 
ide  and  not  with  foriiialdehycl  on  account  of  the  greater  potcncj'  of  ifc*' 
former  agiiinst  animal  life. 

"(b)  After  this  preliminary  disinfection,  remove  bedding,  hangii^ 
oarpets,  clothing  and  textiles,  for  disinfection  by  steam  or  boiling.  <t 
Other  methods  prescribeil  by  United  States  Quamniine  Reputations. 
Subsequently  the  <Nim|mrtinents  themselves,  with  the  nonrctiioviUe 
&brieiH  therein,  shall  be  disinfected  in  aooordance  witli  the  Unitid 
States  Quarantine  Regulations. 

7.  Pfi-mifiaf  rffrfia. — Clothing,  bedding,  and  other  such  arli- 
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a,\ud\  tM>  dUinfcctod  in  accordnnce  witli  th«  provUions  of  Arliolf^H 
'.  aoti  VIII.,  Uuitn)  Suilcs  Quunintine  R^giilutioDB. 
*'  Pak,  8.  After  the  eai^o  liiut  Iwen  discliarged,  the  vpsftpl  must  be 
>}rct(.il  U»  n  dUinri-ction  uf'iill  jKirU  siDiiiltMUcously  by  Hiil[)biir  <liux- 
gas  of  S-per-cent,  per  volume  htrengtb  for  not  less  than  twenty- 
bourv,  in  onk-r  to  iiiHiirc  dcittniction  of  »II  unimul  life  aboard, 
remains  of  all  rata  and  vermin  should  be  gathered  and  burned, 
Uifc  plawa  wbcn;  ipib*Tc<l  siibsLiiticntly  disinfectwl.  Wat*  must 
be  handled  with  hare  hands. 
"  Far.  9.  Aftor  llnni  di.'^infcotion  m  pntvidt-d  In  paragraph  8,  the 
nasel  must  be  kept  under  obser^iition  a  suSieicnt  length  of  time  to  Hatisfy 
the  qoanuttine  officer  lliat  the  ship  i»  freed  from  all  ratn  and  vermin." 
From  (he  foregmng  bcIb  of  regulations,  it  is  seen  that  the  prevention 
of  the  introduction  of  infectious  difleasen  liegins  at  the  jiort  of  dejtarture 
and  titst  the-  strietiiess  of  Bup<^'rvi»iuii  it  not  rcluxod  in  iiiiy  way  until 
the  vessel  is  admitted  to  entry.  It  will  also  be  seen  that  the  details 
of  the  quarantine  stutiinis  muHt  vary  iiecording  to  tlie  cirrninstnnre.t  of 
mch  port  since,  for  example,  barracks  for  detention  cannot  be  needed 
u  *t;itiMU)  whtTO  imniigriint  veM-neU  du  not  enti.-r,  and  ibi^  .same  facili- 
ties for  discharging  and  disinfecting  ballast  are  not  everywhere  re<juired. 
It  is  e<uiential  that  the  station  l>e  at  a  goodly  diittance  from  reaident 
[lopulntiotts  and  sutliciently  removed  from  the  main  channels  of  com- 
merce, and  yet,  at  the  same  time,  easy  of  aoce.->a.  Separate  anchorages 
•bxiIJ  be  provided  for  infeeted  nnd  non-iiifeetcd  vewels,  siitlieiently  far 
apart  to  ensure  safety  to  the  latter  from  infection  from  the  former. 

Detention  Imrraeks  must  be  well  ventilnted  nnd  KLTupiiIoti»ly  «lean 
«od  kept  under  constant  surveillance  in  every  part. 

The  details  of  manugi-menlof  a  Htalion  and  of  ioMpt^otion  of  arriving 
'VwmIs  are  iutBciently  set  forth  in  the  foregoing  rules  and  regulations. 
Additional  provUion  for  ensuring  a  healthy  condition  of  a  ship  is 
by  Section  42t!3  of  the  Reviitcd  Statutes,  which  authorizes  the 
r  of  any  vessel  engaged  in  transporting  {>aiiaengeri)  between  the 
X^niti"<l  Stniejt  anil  Knro|>c  to  ailopt  and  post  regulations  for  the-  niain- 
Senance  of  good  discipline  and  habits  of  cleanliness  among  the  passen- 
gitr»,  and  requir«9i  him  to  e»n»>>  the  pasHcngers'  upiirtmentx  to  be  kept 
ml  all  times  in  a  clean  healthy  state.  The  owners  of  every  such  vessel 
are  required  to  eon.tiruct  (he  dcck.s  and  all  part:^  of  the  njuiriments  so 
Chat  they  can  be  thoroughly  eleanscJ,  and  to  provide  a  safe  convenient 
'Water-closet  for  the  exclusive  use  of  every  100  passengers.  The 
nasater  is  required  also,  when  tho  weather  is  such  tlmt  the  j>ji»>4-u|>er8 
Cannot  be  mustered  on  deck  with  their  bedding,  and  at  such  other  times 
he  may  di't-m  ni-o(-»siry,  to  eause  the  deck  occupie*l  by  said  pii»H.'il- 
lo  be  clean^^xl  witli  chloride  of  lime  or  Home  other  equally  efficient 
infecting  agent. 

Fullowing   the   pasugc  of  the  quarantine  law  of   1893  and   tho 
imiihjition   of   the  regulations  made    in   acoordano(>  therewith,   at 
'*ktany  {M.>rts  the  quarantine  service  wus  voluntarily  surrendered  to  the 
tional  government,  and  at  othent  it  vraa  taken  over  by  the  Mame  au- 
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iborit/,  becatwe  of  non-oompliuioe  with  tli«  regulations.  At  oth«n, 
the  rcgulntioiiE  have  been  »(lophKl  nnd  cfHd^Dtly  enforced  by  tlie  local 
ftullioritieti,  but  these  and  all  others  are  regularly  iii-<|)ected  by  the  Ma- 
rine Hospital  ScrvicL',  to  cnmire  ffFwiiricy  of  adminiHlrutiun  and  cwr- 
reotion  of  iaults  in  melhoda  and  defects  in  appliances, 

111  1900,  th«'rc  were  in  the  Uiiitvd  HtuKv  no  Utw  than  120  (jcwrts- 
tine  and  inspection  stations,  of  which  number,  8]  were  on  the  Atlantic 
coaMt,  17  on  the  l*a<:i(Ic  c<^«At,  and  22  on  the  Uulf  of  ^Irxico.  TbrT 
vary,  naturally,  very  widely  in  importance  and  equipment,  the  nio«t 
iro|H)rtant  one  being  that  of  \ew  York,  the  oJiicf  gutv  uf  rnitraooe  of 
iinmigrunt:*  un<I  of  foreign  commerce,  and  the  least  important  being 
severul  with  practically  no  arrivals  of  vesutels  from  fun^ign  ports. 
Only  a  !»mnll  |irii|ii>rtion  arc  cipiipjKil  with  extensive  disinrc<4ing  ajn 
plianccs.  and  but  8  are  provided  with  (quarters  for  tliv  detentiop  of 
persons  held  for  observatiun. 

Interstate  Quarantine. 

To  prevent  the  introduction  of  ranlngious  ditteaseR  from  one  State 
anotlicr.  Congress,  on  March  27^  1890,  puseml  au  Act  providing  tliat 
whenever  the  I'raiiilwit  is  satinficd  that  cholera,  yellow  fever,  .iraall- 
pox,  ur  pingue  exists  in  uny  purt  of  the  United  Stut(«  and  that  there 
is  danger  of  the  spread  thereof  into  other  States,  Territories,  or  the 
District  of  Columbia,  he  is  authorized  to  c«u»e  the  Secretary  of  the 
Treasury  to  promulgate  such  preventive  rules  and  ivgulations  as  he 
may  deem  neowwiry,  and  to  employ  »ucli  inspectors  and  other  petvoD*  . 
as  may  be  necessary  to  enforce  them.  ^H 

These  rnlefi  and  regulations  i^h;ill  be  prepared   by  the  Suporvising^H 
Surgeon-Genera]  of  the  Marine  Hospital  Service,  under  the  dirvetion 
of  the  Secretary  of  the  Trea-^ury,  and  any  violation  thereof  ejilailti  a 
fine  uf  nut  cxceoding  S^OO,  or   imprisonment  fur  not  more  tluin  two 
years,  or  both,  in   the  discretion   of  the  Court.     In  the  case  of  any 
oRic<^r  or  other  person  empluyed  to  prevent  the  spread  of  said  <liMaa(«, 
willful  violation  of  any  of  the  quarantine  laws  of  the  United  Stato  or 
of  any  of  the  rnlei*  and   regulnrions  miuh-  nnd  promulgaKid  a»  ntnve 
or  of  any  lawful  urdcr  of  his  superior  officer  or  ofboerr,  the  penalty  is 
a  fine  not  exeeetling  $.'!00  or  impri.-ioninent  for  not  exweding  one  >*tar| 
or  lx>tli,  in   tlie  discretion  of  the  Court.     Any  common   carrier 
servant  thereof  who  shall  willfully  violate  any  of  the  same  shiill 
liable  to  a  line  of  not  exccteding  $>jOO,  or  imprisonment  for  ool 
ceeding  twn  years,  or  Ixilh,  in  the  discretion  of  the  Court. 

State  Quarantine. 

The  national  quarantine  law  and  the  rules  and  ri^ilatioDS  made 
thereunder  arc,  u^  has  been  said  .ilready,  intended  only  as  minimuin 
reipiirements,  to  which  State  or  municipal  authority  may  make  ^ucfa 
xiditions  as  may  be  deemed  neocSMiry  for  the  preservation  of  the  health 
of  the  people  within  its  jiirittdiction.     Such  additional  reqniremenia 
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may  be  eaUbttahed  for  njiecified  periods  or  witlioiit  limit  of  t!tn«,  And 
to  mot-t  ^-ni.Tiil  conditions  »r  n  epcciiil  cliu>s  of  cases.  Ae  an  example 
of  special  re^ulaiionn  omde  for  a  liniitt-d  ]>eri<x),  Uif  folU>u'ii)}r,  ndopK^ 
by  the-  .Stalo  Uoiml  uf  Hi-ultli  of  LuuisiuDa  with  reference  lo  vessels  en- 
gaged in  the  tropical  fruit  trade  during  the  season  of  1809,  may  lie  cited. 

"All  v«!Wc1k  engaged  in  the  tropiail  fruit  trade  between  Central 
American,  South  American,  and  West  Indian  (Mirts  and  New  Oilcans 
will  lie  Kllow<-d  lo  jw.ts  the  Mi^iitnippi  Kiver(Jiiunintinv  .Station  with- 
out detention  longer  than  is  necessary  fur  a  thorough  inspection  by  day 
by  the  (juamutiiie  officers,  (to  long  n^  a  |)ro|K'rl_v  aecretlitcd  medical 
agrnt  of  this  board  certifies  thul  such  jwrts  and  places  are  free  from 
contagious  or  infeetiou.^  disease,  and  providtil  .^iiid  vei<wls  !<lmll  strictly 
conform  to  the  following  conditions  : 

"  1.  Tbey  shall  not  be  allowed  to  bring  to  this  [>ort  bedding  or  house- 
hold effectjt  of  liny  kind. 

"2,  After  leaving  Xew  Orleans,  said  vessels  may  take  on  board 
|iiis*engers  during  any  jMirt  of  their  Irip,  and  bring  passcngvrs  to  this 
port  as  herein  provided. 

"  Cabin  paawpngcrs  only  will  be  allowed  nt  the  discretion  of  the  med- 
ical officer.  This  officer  must  satisfy  himself  that  the  applicant  has 
not  been  in  any  infected  hjcality  in  tlie  \iAni  thirty  duy.-t,  and  llial  noue 
of  hi"  eflvcti*  have  btcn  exposed  lo  infection,  and  further  such  effects 
shail  have  l)ecn  fumigated  or  disinfected  before  going  on  Iward. 

"  Pnsiiengers  miiy  bv  tuken  on  Ixninl  from  one  bculthy  port  lo  another, 
each  of  said  ports  having  a  medical  officer  representing  this  board; 
nndcr  llie  same  restricliuus  said  ]iii»«enger8  may  be  brought  to  New 
Orleans.  Personal  cfTecls  of  paMcngers  are  restricted  to  personal 
wearing  apparel,  and  should  an  much  iis  |>osHihle  (»i)Miit  only  of  clean, 
rec«-ntly  hmndried  clothing,  and  sucb  cfFects,  together  with  passengers* 
trunks,  bags,  valisea  or  basket.-^,  mii.it  be  fumigated  before  being  brought 
on  board. 

"The  medical  officer  will  refuse  to  permit  the  bringing  of  any  un- 
luitial  or  unnecessary  anioiinl  of  liaggiigr-,  it  U'lng  the  purpose  of  the 
board  of  health  to  facilitate  the  affairs  of  commerce  by  permitting 
passcngf^r  commnnieation  wbon'by  business  may  be  Iranencted  in  a  safe 
manner,  holding  highest  the  health  of  the  cnmmimity ;  and  it  is  in- 
sisted that  material  ivipnble  of  (larrying  any  posi^ible  inflection  should 
be  limited  to  the  least  possible  amount.  Woolen  hags  or  carpet  sacks 
will  be  prohibited.  Trunks  should  ha  of  melal,  wood,  or  ]>aper; 
valim-s  of  leather  or  paper. 

"  The  medical  officer  will  make  a  personal  insjtection  of  all  passengers 
and  of  every  niemWr  of  the  crew  jusi  prittr  to  the  de|mriiuv  of  the 
vessel,  and  give  a  certificate  to  the  master  of  the  vessel  of  the  con- 
dition of  such  personK  exaniine<l,  marking  opiMisilc  t)i«  name  of  each 
person  on  the  list  furnished  him  by  the  officers  of  the  vessel  of  every 
person  on  board  sueb  observations  as  may  seem  to  him  to  l>e  advisable 
ooncurning  tlio  condition  of  said  person's  present  or  previous  state  of 
bedtb. 
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"  Medical  ofiioerswilHnvAriably&saist  masters  of  vessels  mi 
of  members  of  crew  or  pnsscii^n  tiik«n  sick  on  board  vetMb 
sbo4ild  make  notes  of  bucIi  ircatmeot  in  writing  to  be  gent  to  tbeqn 
antinr  ofTiwr  al  homi-  |Kirt». 

"  S,  Vesoela  shall  not  touch  at  any  iDfcctecl  port  or  have  anj  OOB 
mttnication  with  anj  vtii^el  during  tbeir  voyage  except  in  case  of ' 
tress. 

"  4.  They  fthall  not  toucb  at  Huch  ports  or  statiomi  aa  are  not : 
tioocd  in  tbcir  scliodulc,  wbicb  latter  shall  b«  communicalul  to 
board  of  health. 

"5.  They  shall  be  required  toninkc  n  full  diselosare  when  airivingj 
quarantine  statioa  of  all  ports  and  places  they  have  visited  on 
voynge. 

"  G.  Tbey  may  take  on  board  a  crew  of  laborers  after  inepedJoa  1 
the  medical  oflioer  and  dialnfei^tion  of  clothing  of  such  crew  forsn 
healthy  point  where  they  permsDcntly  reside  and  remain,  tlie 
being  aa  nearly  as  poiuiible  oomposed  of  the  same  men.     The  captain  < 
other  oBi«T  may  go  ashore  only  for  the  piir|Hi*e  of  entering  or  de 
vessels.     Any  further  communication  wiilj  shore  or  natives  will 
coiuidervd  a  violation  of  regtilntions,  and  vetwi^Ut  in  default  will 
treated  accordingly. 

"7.  These  vv»scU  shall  be  cleansed,  and,  when  neoo^aarr, diaofn 
in  tlie  city  of  New  Orleans  after  discbarge  of  cargow" 


Sanitary  Cordoo. 

What  ia  known  as  a  sanitary-  cordon  {"cordon  aanitaire")  < 
of  an   exl4^ided    line   of   gu»rd:«   thrown   about  a   district   to 
vent  access  thereto  or  egress  therefrom  of  any  person  or 
which  may  ant  no  the  earner  of  infection.     The  object  if,  in  oti 
wonls,  to  prot^^ct  the  district  from  infection   from   the  surroun 
country   or   to  protect  the  l»1t<<r   fn>m   infection    from  the 
Sometimes  a  double  line  is  established,  the  territory'  intervening! 
perhaps,  only  stu^pectcd  of  being  infected.     Cordons  are  not ' 
monly  «-«[nh1ii^liccl  in  the  South  U)^tuHt  vellow  fever,  biit  are  practic 
unknown  in  the  Xorth.     In  California,  iu  19(K>,  a  cordon  w»s  i 
tained,  for  a  short  time  only,  iigniiist  a  difttrict  in  which  cases  of  I 
bonio  plague  were  believed  to  be  ooitcealed. 

Manicipal  QQarantine. 

Municipal  (junrsntine  oompn^hends  measures  for  i«i>I>i|ing  tliose  i 
with  certain  of  ihf  inlectJous  diseiiws,  such  as  srarlct  fever,  diplil 
and  soinllpox,  keeping  others  under  observation,  and  di.iiafectii^  i 
and  houses  and  objects  cuntaimHl  therein  which  may  be  capable  of  I 
boring  infection.     It  is  beyond  dispute  that  public  safety  re<|nim  i 
ccrtuin  sick  should  be  shnl  oft'  from  free  comnmitieation  with  the< 
side  world.    This  isulation  is  most  complete  and  entails  li's.t  liar 
when  it  can  be  carried  out  at  a  s]wcinl  hospital  for  eontafpous  di* 
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generally  it  ia  enforced,  if  at  all,  at  Lho  patittnt'it  home.  Room  aikI 
K  qusran tines  are  commonly  difficult  or  impossible  of  eiifurccnicnt, 
i^iecially  iu  tenement  clistrieU  among  the  very  poor,  fur  it  !»  among 
rtus  c\asi  that  (Ibii;^t  of  tnfvctioD  ih  least  uudvrKtood  nod  nititual  help 
oei^bborly  %'isit!ng  nioet  exieDsively  practiced,  antl  thiiH  the  fotti 
iTinrtt-tkiii  miiy  become  incretwixl  indefinitely.  In  hoispitnlH,  on  the 
Dtlter  hand,  where  imliscriminatc  egress  and  ingress  are  under  control 
d  facilitii^  for  the  di»!ii  feet  ion  of  liigchnrgea  are  at  hand,  the  danger 
H>read  is  reduced  to  a  minimum. 

K^iH^ally  difficult  and  prodnelivc  of  hard!«liip  'm  the  iwliition  not 
ly  of  the  patient,  but  of  the  other  members  of  his  family.  This  is 
DfDDUinty  practiced  in  the  ejwe  of  snialljtox,  hut  is  nnneeenjiary  if  the 
Klier  members  have  undergone  ri'cent  sueeessrul  vnccinntion  and  tbtir 
dotluQg  and  other  eflecta  are  di^infeeted  and  they  arc  then  .tejianited 
n  all  possible  coiitaet  uiwl  comnuinieation  with  the  patient.  But 
O  then,  they  should  he  kept  under  suneillance  for  a  time  equal  to 
be  period  of  iueiihaiion.  In  limes  of  epidi'inii'^  of  yellow  fever  in  the 
loath,  house  quarantine  of  entire  families  hue  proved  to  he  the  cause 
if  much  hanLship  and  anything  but  an  unqiiall(ie<l  succew<.  It  caiiiK-s 
1  popular  diesat  is  faction,  leads  to  coriei-atmeiit  of  euscs,  and  lends, 
icrcforv,  to  tipread  rather  than  restrict  the  disease.  Treatment  of  the 
iek  in  isolation  hospitals  aud  removul  of  those  who  have  been  ex- 
owd  to  infectioD  to  camps  of  detention  for  live  full  days  have  been 
imtid  to  give  far  better  rei^nll^i. 
In  .Home  outbreaks  of  infectious  diseases,  it  is  necessary  or  advisable 
o^ndnct  a  h»u.*e-t<>-hou.';e  inspection  for  the  discovery  and  isoliition 
funre]>orted  cases.  When  such  a  euurse  is  undertnken,  (he  visits 
t  l>c  re[>eated  at  intervals  equal  to  the  period  of  incubation. 
Ttie  making  of  regulations  for  mitnict|ial  quanintine  and  inspection 
•tibjtt-t  to  no  general  rule,  each  local  authority  being  a  law  unto 
In  some  cities,  the  niliM  governing  nolification.  isolation,  and 
fection  are  exceedingly  thorough  and  strictly  enforced  ;  in  others, 
iv  are  inadequate  in  varj-ing  degrees  and  enforced  with  laxity. 
6aiQps  of  Detention.— C'amps  of  detention  arc  places  set  apart  for 
he  reception  and  otwervation  of  persona  who  have  been  expni<cd  or 
lito  ure  under  suspicion  of  having  l>cen  exposed  to  the  contagion  of 
'rilow  fever,  sraal!]>ox,  or  other  quarantinable  disease.  They  should 
le  under  strict  sur^'eilluucc  and  governed  by  inflexible  rules,  Kvery 
tenon  should  be  examined  before  admission,  and  such  effects  as  he  may 
permitted  to  bring  in  should  Iw  thoroughly  disinfwted,  for  above 
H  tilings,  it  is  necessary  to  guard  against  the  introduction  of  infection. 
"be  entire  per>)iinnel  must  be  mustered  in  quarters  and  eitamined  at 
Bt  twice  daily,  and  such  as  are  beginning  to  show  symptoms  must 
promptly  isolatiH).  Indiscriminate  ingress  and  egn^ss  must  be 
ictly  prevented.  At  the  expiration  of  the  proper  perio<I,  in  each 
e  tie  clothing  and  other  personal  effects  should  be  thoroughly  dia- 
ifectrd  before  discliargv. 


CHAPTER   X. 
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SiNCK  ihc  mottt  important  ructor  in  the  cflioieuoy  of  aa  army  is  its 
health,  it  fullowa  thut  cv^rythitig  whivh  can  influence  Uiis  in  any  wuy  for 
tiie  twtler  or  worse  should  l>e  looked  after  with  the  utnioet  rare.  The 
mm  who  t-ompoBf  ru  army  arv  ilruwn  from  civil  lifr,  in  whidi  each  indi- 
vidiiiil  has,  f}  a  greater  or  less  extent,  iiulfpeiulcnt  control  of  lit;  lime, 
choice  of  occiipution,  selection  of  food  nml  ilwclling-jdace,  and  gt-neral 
sanitary  care.  After  enlislineat,  they  lose  most  of  this  independenoe ; 
thi-y  are  housed,  clothed,  fed,  and  exorcised  under  regulations  which  il 
is  beyond  their  power  to  amend  ;  tliey  are  moved  ahotit  fnuu  one  point 
to  another,  differing  )>erliii[)H  very  widely  in  climatic  and  other  condi- 
tions, under  orders  which  ttii-y  may  not  pnwume  to  qiK-i^lion ;  Ihtir 
hoiir^  for  sleep,  meals,  work,  and  recreation  are  fixed  for  lh«m  with- 
out consultutioii  with  thorn,  and  without  regard  to  individual  or  com- 
munal preference, 

Since  ihc  govtrrnmont  new-swirily  deprive,*  the  aoldJer  of  his  inde- 
pendence of  action,  it  is  bound  by  every  principle  of  furness  lo  him  to 
look  after  hi.-t  heallli  and  comfort,  to  promote  contenlment,  and  to  ward 
off  ennui  by  all  reasonable  and  pmper  means.  Thus,  the  cure  of  tiuops 
is  a  double  ohlif^tion  ;  the  men  have  every  Tig,Ut  to  expect  it,  and  the 
efficiency  of  the  army  is  d(r|)eniient  upon  it.  But  no  mutter  bow  care- 
ful the  aanitary  admintHtratiou,  it  iii  a  matter  of  common  knowledge 
fchat  in  all  wars,  excepting  the  Franoo-Prusaiau,  and  here  only  wiih 
regard  to  the  Germans,  the  mortality  fmrn  disease  has  been  far  in  «- 
oesB  of  that  fnmi  c-aoualtiex,  and  in  all  armie^t,  more  dL-^arges  are  dne 
to  sickness  than  to  Injuries. 

The  n>s]>ou»ibiIity  fur  the  care  of  troops  and  health  of  oampA  is 
placed  upon  the  medical  officers,  who  have  no  power  lo  oommaad  and 
an-  lifimpered  by  being  subordinate  to  laymen  having  often  no  adequate 
appreciation  of  mattent  purely  medical.  Tlicy  have  only  adviaofy 
functioiui  and  must  be  most  careful  in  reeoni mending  changes  lo  tlie 
very  conservative  military  mind,  which  fiiuU  in  long  continuance  of  a 
condition  the  strongest  argument  for  its  longer  retention  and  ia  prooe 
to  look  upon  r<>commendations  fur  itweeping  ehangeit  as  evidence  of 
whimsical  disposition  and  deficient  Imlning  in  sanitary  ■M'irnor. 
XeverilicU-s.i,  the  nii-dical  officer  has  a  very  heavy  reap*>nMbiliiy  pland 
upon  him  and  must  advise  his  lay  superiors  and  explain  the  impor- 
tance of  the  principles  underlying  sanitary  practice.  He  must  make 
proper  rccommeodulion:*  for  the  pnir<-c(ion  of  liealth  of  the  troop*  in 
war  and  in  peace,  in  camps  and  in  garrison. 
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Since  the  efficiency  of  a  military  body  is  so  largely  dependent  upon 
the  huLltli  of  Oi«  uuit«  of  wliici)  it  i^  <HimpnHed,  the  ri'^ult  of  a  oaiii- 
paign  may  be  largely  influenced  by  the  ndoption  or  rtjcction  by  the 
ooniiiiaiidiiig  otlic-cr  of  the  rocoiumendalioris  of  bis  medical  adviser. 
Unfortunately,  if,  by  reason  of  physiuit  inifitnctw  of  tlic  troops,  a  move- 
nient  fails  nr  an  epidemic  of  disease  occurs,  the  public  al  oijoe  places 
the  bluiuc  upon  the  mciliuil  depunm<.'rit  and  esjicciiilly  upon  ilic  licad 
thereof,  the  Surgeon-General,  and  demands  a  reorganization,  a  sifting 
out  of  incum[H.-tcut  lualt^Tiid,  iind  i^pechdly,  a  chiinge  in  th*-  hciul,  ipiitc 
r^ardleas  of  the  poaeible  fact  that  the  choice  of  an  un»anitarj-  camp- 
ing plnrt^  may  have  l^-en  made  agaitist  the  jiidgnieiil  and  advice  of  llio 
medical  branch,  that  the  commissary  depurlment  may  have  been 
largely  t^>  blame,  or  that  other  iiifliii'nccH  quite  l>eyoud  the  control  of 
the  medical  corps  may  have  been  at  fault. 

The  medical  oflicer,  both  al  home  and  in  most  countries)  abroad,  has 
much  with  which  to  contend.  The  corps  u,  as  a  rule,  not  aufUcicntly 
large  for  the  body  for  which  it  is  to  care,  hut  is  expected  to  perform 
an  amount  of  work  and  a»aunic  a  ri-«|M>uwbility  whicli  would  fsiirly  tax 
the  capacity  of  one  of  double  size.  In  an  emergency  requiring  large 
additional  levies  and  consequent  employment  of  civilian  pliy^icUns  un- 
trained in  military  life, the  responsibility  beeomes  proportionately  greater. 

The  recent  exjieriences  of  this  country  and  of  ICn^lnnd,  when  the 
ontbreok  of  war  necessitated  the  u^embling  and  transporlatlon  of 
large  armies,  serve  very  well  as  illui^trations.  With  us,  on  the  break- 
ing out  of  war  with  Spain,  n  standint;  army  of  25,000  was  suddenly 
increased  by  enlargement  of  the  regular  service  and  enrollment  of  vol- 
untvcrs  to  ten  tinn*  that  siw,  hut  (he  small  hmly  of  tntirieil  milituri' 
Burgeons,  too  small  liefore,  could  hardly  have  been  ex]>ected  to  be  cc|Ual 
to  the  demands  of  the  new  army,  wen  witli  the  ajwiHtnnix-  of  the 
physidatis  from  civil  life,  who,  though  doubtless  highly  efiieient  in 
civil  prnctiec,  were  fur  the  most  part  inexperienced  in  camp  hygiene. 

The  difficulties  of  sanitary  administration  were  very  largely  in- 
creased by  the  recklessness  and  ignorance  of  the  volunteers  in  (tersonal 
hygiene  and  general  sanitation.  The  result*  were  what  might  be  ex- 
pected and  are  too  well  known  to  need  further  mention.  The  blame 
for  all  (he  disustniUB  experieuce  was  plae(-d  at  once  upon  tlie  inedic-ul 
department,  which  had  but  little  to  say  in  the  choice  of  camps  and 
nothing  whatever  to  do  with  the  inadequate  means  nf  trannprirtalion 
and  other  factors  in  the  production  of  a  large  mortality  from  disease. 
The  experience  of  the  Engti^ih  in  the  war  in  l^uth  Afri(^i  watt  essen- 
tially the  same  an<)  due  to  the  eame  causeH. 

In  the  large  standing  armies  on  the  Continent,  a  different  order  of 
thing*  obtains.  The  officer*  <>f  the  line  an'  more  inclined  to  dofer  to 
the  opinions  and  advice  of  the  medical  staff  in  matters  requiring  ex- 
port sanitary  knowledge,  and  the  authoritten  demonstnite  a  mucli 
higher  appreciation  of  the  value  of  an  adequate  medical  service.  Afl 
an  illustration  of  the  ditferenee  in  the  ordering  of  «uoh  matters  io 
Germany  and  England,  the  following  is  cited  : 
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The  Britiah  first  iafaotr<r  divinion  and  first  cavalry  bri|radr,  with 
two  butlcncs  of  ttcld   arlilk>r>'.  a  comp«»v  of  pn^inpcr^   t«l^i7apb 
corps,  milway  company,  nmmunilioQ  corps,  and  hospital  corps,  onJeral 
to  Soutii  Africa  in  thcautumn  of  1999,  and  Ihfi  German  expeditionary  \ 
cor|M,  oonsietinp  of  two  brigades  of  infantry,  three  squadmat  of  cav- 
alry, four  batli^ricfl  of  light  anillurj-,  a  halialion  of  pioneers,  witli  a 
telegraph    corps   railway   tMrnpanv,   sanitary   company,  antmaniiion 
oorpA,  and  hospital  corps,  organized  in  lh«  sumnior  of  1 900  for  wrrvine 
in  China,  were  about  t*\\m\  in  number  of  men.     For  the  care  of  these 
troo|>s,  the  English  authorilies  detailed  49  rcgnlnr  nunlit^i  olHoen 
13  vivilinii  itiirg«»>nH,  a  total  of  t(2  :  the  Germans  detailed  91  r^l 
army  surgeons,  or  nearly  50  jier  cent,  more.     Th*-   f^i^li^li  tiospii 
)t|iip  liad  3  »nrgeon» ;  the  Geminn  lind  10.     The  English  wot  4 
hospitals  with   11!  surgeons ;  tbe  Germans  sent  an  equal  nuinlMr 
2-1.     The  Rnglbih  gi^iieral  hospital  had  18  Mirgvonii,  of  whom  II  «ci 
civilians  ;  the  (Jermiui  hiid  19,  all  of  whom  were  rt^ilars. 

The  superior  medical  er|nipinent  of  the  Germans  in  not  dictated 
extnivagaiico,  but  by  a  gniitcr  appreciation  of  tlie  neoeaaity  of  fiinib 
ing  adequate  medical  service. 

In  u  standing  iirmr  Hiich  lut !»  maintAincd  in  this  conntrr,  it 
be  far  better  to  err  on  the  side  of  extrax'agauce  than  of  uikIim  rtooom; 
in  the  %im  of  tbe  nKilical  dirii*.     There  »Iionld   be  s>-steniat»0  in' 
Btraction  in  general  hygiene,  which  should  not  be  limited  to  the 
ical  officers  alone,  for  the  line  officers  al«o  should   be  required  to 
quaint  thcm'M^'lves  with  the  principkv  of  the  science,  and  especialir  vi! 
the  sanitation  of  canijis.     Then,  when  the  m^ilicnl  ofltcer*  point 
methods  of  conserving  the  hciilth  of  troops,  tbow  in  actual  com 
would  be  in  a  Itetter  position  to  apply  tl>eir  authority  with  a 
npprecintton  of  the  advice  given. 

Military  hygiene  has  to  deal  with  the  selection  and  exarainaiHn 
men  ofTcring  tlicinwlvc*  n«  rccniit*,  their  )>iibi  tut  ions,  clothing;, 
erciae,  food,  diseases,  and  meilicul  care  ;  with  camp  sanitalioa,  indi 
ing  water  Kupjily  and  sewcragt^,  dUfiosHl  of  waste,  and  general  police 
and,  in  general,  with  all  matters  having  any  bearing  on  the  health 
impliedly,  the  efficiency  of  troojp*. 


THE  RECRUIT. 

Not  e%-ery  nduit  man  accustomed  to  hard  work  can  be  tnatfo* 
into  a  good  soldier,  for  llien^  are  many  jMiinl^  of  disqualtficatia 
mililury  service,  and  an  unwumi  man   can   never  be  depended  i 
when  his  services  are  needed.     The  ideal  recruit  is  one  who,  b  I 
first  place,  is  well  built  and  of  sn{)erior  muscular  force,  capable  of  i 
sisting  infiuenct«  tending  to  depress  the  nervous  and  physical  pos 
According  to  the  great  Napoleon,  "  The  firft  quality  of  a  soldier  B  i 
power  to  endure  fatigue  and  privation  ;  courage  is  only  second." 
primary  qualilication   is  very  commonly   thought  to  be  an  atttftuWj 
more  of  the  country-bred  than  of  the  d^-bred  lad. 
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Dr.  WowIIiulI,'  Ll.-CoIom*l,  Med.  De\>'t  U.  S.  A.,  liowever,  saya 
«n  this  poiut,  "  Id  raising  new  troops,  nhcn  it  i«  possible  to  Kclrct,  for 
ifiarp  and  imnlec)iaU^  acliv«  dervice  take  towii-bred  men.  If  a  year  or 
two  can  be  ailded  in  wliich  to  train  thi'iu,  tukc  count ry-bn-il  nirii. 
Open-air  military  life  in  physical  promotion  to  city  men  accustomed  to 
trrr^tiUr  hount.  anwbolcxoiiic  nicaU,  nru)  ]HX>rly  vfiitiliitinl  moms.  'l"o 
oouoLry  lads  the  irregular  and  soraelimes  scanty  meals,  broken  rest, 
aaocs»ity  fur  pn>m|it  and  vyaa-X  iictiou,  and  iibnvi'  nil  the  certainty  of 
■eqairing  such  diseases  as  measles,  whooping-cough,  and  mumps,  which 
tnrn  boyd  always  have  in  ohildhoo<l,  arc  very  exhausting.  AAcr  a 
jetr's  training,  country  youtlis  are  more  valuable." 

Under  the  regulation  of  the  United  State.4  Army,'  any  male  citizen 
or  person  who  tuis  U^gully  declared  his  intention  to  become  &  citiz«n,  if 
ibuve  the  age  of  ^1  and  under  the  age  of  :i()  years,  able-bodied,  free 
bom  diMftM.-,  of  good  chsnictcr  and  tcmgnrrute  habilii,  ntay  bo  enlietvd  ; 
bit  in  regard  to  age  or  citizenship,  the  rule  doea  not  apply  to  soldiers 
wbo  have  alrcitily  (wrveil  honescly  and  tkillifuUy  B  previous  enlistment. 
Boys  between  the  ages  of  llj  and  18  may  be  enlisted  as  musicians  or 
to  Irarn  muitic,  with  the  written  consent  of  fatber  or  guardiini  und  ap- 
proval  of  the  Adjutant-General. 

Enliated  men  of  good  character  and  faithful  service,  who,  at  the  ex- 
piration  of  their  terms,  are  undergoing  treiitment  for  injuries  incurred 
HBrdtKoae  contracted  in  tlie  line  of  duty,  may  reenlist,  aud  if  the  dig- 
^^Bxlity  prove  to  be  permanent,  they  will  be  Hub»(.-i|iieiitly  discbnrged. 
^^Kn  enlisted  man,  not  under  treatmeot,  but  witb  infirmities  contracted 
^B  tJie  line  of  duty  not  such  as  to  prevent  his  jierforniing  tlie  dntie.'s  of 
t  soldier,  may  be  rcenlistcd  by  autbority  of  the  War  licpartment,  on 
Bpplicalion  made  ihrougb  the  nui^^eon  aud  proper  military  channel, 
■nee  it  is  re^>ognized  that  what  he  may  lack  in  sonic  minor  purtictdars 
hsoundoeas  may  be  counterbalanced  by  experience  and  habits  ofditi- 
dpline. 

Thoae  whose  enlistment  is  prohibited  include  former  soldiers  having 
bad  records,  doterters,  drunkards,  Insane  jtersons,  minors  below  16 
jrcan  of  age  (musicians),  persons  who  have  been  convicted  of  felony 
or  who  have  been  imprisoned  under  sentence  of  a  court ;  and  fur  first 
wli'tmentu  in  time  nf  puuie,  iion-citi/.ens,  except  those  who  have 
legally  declared  their  intentions  to  become  citizens,  ihoite  wbo  cannot 
4pmk,  read,  and  write  H^iglish,  and  tluMC  over  ao  yeiire  of  age. 

hgt. — It«croiting  officers  are  directed  by  tlic  regulations  to  be  very 

Eticular  to  asoertain  the  true  age  of  the  recruit,  boys  below  18  not 
Dg  neccptciJ  in  time  of  pence,  cxwpling  its   musicians  or  to  learn 
viuic,  and  then  only  with  the  consent  of  guardians  and  approval  of 
^  Adjutant-^'ncral.     The  minimum  age  for  idl  arms  of  the  servioe 
18  years  ;  the  maximum  for  the  cavalry  is  30,  and  for  other  urmi 
i;  but  for  rvcnlistmcnte,  there  is  no  limit  of  age.     Men  of  all  age«i 
18  and  4o  are  accepted  in  tiie  volunteer  service.     In  Uia 


'  !t«lt*  on  MUitarr  Drgiene  for  Ofllceni  of  Ili»  Liin\  Ntw  York,  1888,  p.  IS, 
■  It«|piUtiaiw  (or  Uic  knay  of  ihc  tJnilsil  Suio,  Wwhinpon,  1890,  ]i.  113. 
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British  service,  the  limits  of  age  are  18  and  35  ycure,  except  for  the 
mudiciil  stafT  cnrp.i  iind  GngiD<wr»,  for  wliiob  the  maxifnam  is  retpet^ 
lively  28  and  30. 

It  i»  alinot«t  the  universal  opinion  that  reoruits  otigfat  not  to  be  ac- 
cepted helow  20,  or  bt'ttvr,  22.  Al  18y(«r*,  the  recniil  i«  immnture; 
the  booea  are  not  fully  formed,  nor  have  they  reached  their  final  kard- 
hme  ;  tXw  epiphysis  have  not  yet  Iwoomc  iiioorjiomtfK]  with  the  shafts 
of  the  long  bones  ;  the  joints  are  not  yet  fiilly  developed  ;  the  musdes 
arc  soft  and  not  wholly  devclo|H-d  ;  the  elio.it  hax  iiy  nu  iiieaiM  attained 
its  full  capacity  ;  and  the  organs  of  the  body,  in  general,  are  imma- 
tun>.  So  it  happens  that,  at  iJiis  age,  it  is  useless  to  GX|tect  them  to  he 
in  good  condition  aA4>r  long-continued  exertion  or  to  undergo  pri%-a- 
tionx  whi<:h  are  a^  nothing  to  the  inan  of  mature  years  and  strength. 
At  this  |)crii>d  of  life,  he  \»  still  in  the  gruiving  atap-  inid  nc^^^ln  all  the 
energy  of  his  body  to  bring  the  organism  to  completion,  and  the  in- 
flucncoa  which  nmtiire  sokUerx  contend  against  with  var^'ing  degrt** 
of  siieoess,  namely,  vicissitudes  of  weather,  long  marches,  hard  iroA 
in  trenches,  p«)!tmble  overcrriwdin);  in  biirrarks  and  earnpii,  jKior  x'enli- 
lation,  and  poor  nnd  insufficient  food,  send  him  very  ijnickly  to  the 
Iio!<pital. 

It  is  beyond  reason  to  expect  the  same  work  ami  endurance  of  a 
youth  of  18  t«  20  as  of  a  fully  mature  man.  During  the  Civil  War, 
most  of  the  boys  who  enlisted  under  1 8  nixl  ninny  of  those  nlwvc  lliat 
age  and  under  '20  had  to  be  discharged  n-ithin  the  first  tew  months. 

It  has  been  domonstmted  repeato<lly  that  the  leiMt  eIReient  armifs 
are  those  containing  the  greatest  proportion  or  men  helow  the  age  of 
22.  The  Ki'sl  Najmhron  objeeted  to  bnvM,  .-taylng  on  on«  occasion.  "  I 
demand  a  levy  of  300,000  nun.  But  I  nmst  have  groAm  men ;  boys 
serve  only  to  till  the  hospitaU  and  eneunilM?r  the  roadside!*,"  A  re- 
markable example  of  the  imjwrtance  of  maturity  in  tmldiore  ia  related 
by  Tardien.'  In  the  cam]iaign  of  ISOfi,  in  which  tlie  army  niarrhed 
400  leagues  to  rwicli  Aiwterlitz,  hardly  any  sick  or  stragglers  were  left 
on  the  way.  In  this  army,  the  youngest  were  22  years  of  age  and 
had  had  two  years'  training.  In  llie  cimipuign  of  1809,  on  the  other 
hand,  the  army,  which  had  but  a  short  distance  to  march  on  iia  war 
to  Vienna,  tilled  all  the  hospitals  on  the  way  with  its  sick.  MoK 
than  half  of  the  soldiers  of  (his  army  were  under  20  years  of  age  sod 
inexperienced.  In  the  celebrated  march  of  I..ord  l{ol(erlj>  fmni  Kabul 
to  Iviindnhur,  the  young  suldiers  gave  out  from  d.\v  to  day  ami  fell  he- 
hind,  while  the  old  campaigners  appeared  to  gain  in  vigor  with  each 
day's  march. 

Not  only  arc  young  recruits  less  able  to  undergo  the  usual  work  and 
the  hard.>^hips  than  seaHoued  men,  but  tliey  arc  niurii  nion-  siipH-ipiible 
to  disciise.  .\ilkeu'  rcliiti'«  that  during  the  Crimean  War,  when  the 
Commandei^in-Chief,  Ixird  Raglan,  wat  infiirmcd  that  2,000  n«riiiu 
yn'K  muly  to  be  sent  to  him,  lie  replied  :  "  Those  last  sent  were  so 

■  Dictionnjura d' llrgicDr.  III.,  ]>.  3. 

■On  the  tSrowiU  of  ilie  fUcniit  nnJ  Youiig  SoMier,  2d  GiiilioD,  Lumlao,  IS8T.  p. 
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joUDg  and  UDformed  tliat  they  fell  viclims  to  ilUe«j«e  dud  were  swept 
any  like  flies."  He  prervrred  to  wait  rather  than  have  siieh  young 
tafU  ««iit  to  him  a»  jtoldtent.  Other  commanders  in  the  Crimea  te«ti- 
Ced  that  young  recruits  n'crc  of  very  inferior  vaKie. 

The  greater  suaoeplibility  of  young  soldiers  to  typhoid  fever  was 
demomttntol  l>y  Dr.  Farr,  the  Britisli  Kegistrar-Gciifnd,  and  Dr.  Bul- 
toar,  who  showed  that  in  188.'I,  the  array  in  India  contained  41  percent, 
«f  soldier!  under  2-t  ytuin*  of  apt,  and  that  amou);  this  ewutingi-nt  ihe 
death-rate  from  this  disease  waa  4.114  per  thousaud,  while  that  of  the 
■en  of  'i.")  to  29  ytars  was  but  1.60  per  thousaud.  lu  newly  arrived 
n^menls,  nearly  half  of  the  total  death-rate  was  from  this  disease. 
Aitlceu  given  a  number  of  instanee.-<  of  the  influence  of  youth  and  »bort 
R^deooe  on  the  prevalaoce  of  this  fever.  At  oue  stiition,  for  example, 
out  of  44  cases,  35  occurred  in  one  regiment  corapo8ed  principally  of 
Toung  soldiers,  and  33  among  niou  of  los»  than  unc  year's  residence 
is  India. 

In  lf*S.3,  ill  India, 36.6'')  |«recnt.  of  thoseiuvaliiled  liomc  were  under 
Vi  years  of  age,  and  in  1884,  38.70,  the  principal  diseiises  neccsaitat- 
iijvaliding  iM-iug  anuimia,  debility,  phthisic,  lie|>iititii>,  uud  diiH^ases 

the  heart  and  arteries.     Throughout  the  Peninsular  War,  from  1 S05 

1814,  it  was  iil>!ierved  that  the  "eorps  whieh  arrived  for  service 
ttn  always  ineffective  and  sickly  in  proportiim  iis  they  wore  made 
Bp  of  men  who  had  recently  joined  the  rankn,"  and  it  was  (Calculated 
that  300  men  having  live  years' exjwriencc  wire  wi>rtli  mure  tbau  1,000 
newly  arrived,  including  the  usual  projwrtion  of  young  recruits. 

Sirgi^on-Oeneral  Stenilterg,  of  llic  U.  S.  .^ntiy,  in  his  annual  n-port 
in  iJSS.j,  shows  that  the  greater  pi-oportion  of  riickness  occurred  among 
aoViicrt  uitder  31  years  of  age,  and  thai  up  to  the  age  of  25,  the  rate 
vss  BO  much  above  the  avenige  for  the  whole  army,  that  he  questions 
whether  their  services  had  been  a  fair  return  for  the  cost  of  iheir  main- 
tenantx'.  In  1 8!)J),  the  British  Medical  Ansociiition  pnissfd  a  R-soIulion 
rajoeiiting  the  Council  lo  communicate  to  the  War  Office  the  opinion 
of  the  i<ectiun  of  niedieine,  that  no  soldier  ought  to  serve  in  tlio  tropics 
wriier  than  22  yeare  of  age. 

In  favor  of  the  young  recruit,  Woodhull'  says  that  young  men  are 
more  easily  trained  and  moulded  than  older  men,  es|K-ciiilly  for  the 
oavalry,  and  when  welt  led,  fight  as  well,  as  far  as  mere  mmrage  goes. 
But  as  we  ainnot  kwp  young  soldiers  several  yeiir*  in  training,  and  as 
large  bodies  of  troops  can  only  be  raised  for  sudden  war,  men  not 
«hMluTvly  mature  must  be  rejected.  Lord  WoUeley  prefers  young  men 
and  says  :  *  "  Give  me  young  men  :  they  do  what  they  are  bid  and  they 
*0  witcrc  ihey  are  told  ;  ihcy  Itecome  more  amenable  to  discipline  and 
'■ongh  when  you  e:itch  ihcm  first  tlicy  may  have  some  difliculty  in 
ing  (heir  knajRvicks,  once  they  get  beyond  that  they  are  in  a  fit 
ition  to  take  the  field." 

If  Toong  men    are  enlisted,  the   work   should  be  su'ted   to  tJieir 

'Oillirr.rowihoilbe  Recruit  nnd  Young  SoldUr,  2(1  Kdition,  London,  I SST,  p.5S. 
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•trc»|rlli,  nnd  it  mu&t  be  kept  in  miDd  that  tlic7  are  still  in  tbc  gfow- 
iag  anil  developing  stage  aud  Hhuiild  have  no  greater  amount  of 
pliysiml  exGrcini-  llian  ici  suited  tn  their  cnnditiou.  In  athor  wnnln, 
tlloir  work  shuiild  be  proportiotieil  to  iheir  growth,  and  in  two  years, 
they  will,  pcrhajifl,  have  developed  into  valuable  noldiers.  Tnkcn  be- 
tween  tlio  iigix  of  18  and  20  and  drilled  and  troincd  with  due  rej^rd 
to  his  immaturity  and  limit  of  endurance,  the  rerruit  often  shows  grval 
prosrefw  in  fjeurnil  di'veloprnt-ul  within  the  first  h«if-ye:ir,  |utrtieul«rly 
if,  before  enlistment,  he  was  poorly  fed,  clothe<l,  niid  housed,  and  «»- 
gngc<)  in  an  indoor  occupation. 

Hia  work  should  be  moderate  in  the  beginning  and  only  gradually 
inoreaaed,  since  ohaugeH  for  the  better  in  the  human  body  canmit  w 
brought  alH)ut  suddenly  like  tlio««  for  the  worse,  induced  by  attetnpt- 
ing  to  do  too  much  at  the  outi«et.  Sime  his  lungs,  heart,  and  bbxid 
veaaeltt  are  not  yet  fully  developed,  he  mn  neither  go  through  the 
manual  nor  cover  ground  like  the  seasoned  soldier.  The  heart  i* 
called  upon  by  the  new  iiud  utui<!0U8toni«d  exercise  to  contract  at  a 
greater  rate  thnn  hud  been  its  hahit,  and  he  soon  I>eoomes  ''  windt^." 
When  thU  stage  is  n-iwhed  and  ho  Ix'gins  U>  feel  or  sliow  distrcas,  he 
should  bo  allowed  and  encouraged  to  rest  until  the  throbbing  of  tlie 
heart  and  the  swelling  of  the  bhiod  veasel.t  nulaido  and  permit  bis 
limg»  to  resume  es»y  breathing  ;  utherwise,  he  ie  more  than  likely  to 
break  down  sooner  or  later. 

With  properly  regulnt«tl  exercise  and  good  fooil,  be  ought  soon  to 
bIiow  gain  and  not  loss  in  tveight.  Should  progressive  losa  be  ob- 
served, i<  is  a  qiic-ition  whether  he  is  likely  (o  become  an  vllici^nt  ttA- 
dier,  and  he  should  forthwith  be  referred  for  medical  exaniinatioa. 
Under  the  regulations  of  the  British  army,  all  n-rrnits  aro  kept  under 
medical  observation  during  the  first  three  months  of  service,  durii^ 
which  time,  in  addition  to  the  ordinary  drill,  l\ivy  Imvc  an  boor  of 
gynnuislic  exerriM  daily,  under  the  itu|K>rvis!on  of  a  medical  man  ;  and 
if,  dnring  this  period,  a  man  shows  nnfavoi-able  indications,  he  i*>  exam- 
inc<)  by  n  medicnd  iioard.  Should  Ihit^  body  conclude  tliat  lie  will  not 
ultimately  develop  into  an  efficieut  soldier,  he  is  at  once  discltarged  on 
tluit  gmnud. 

Height. — In  this  country,  the  minimum  height  for  all  brancdies  of  (Im 
service  is  5  feet  4  inches,  "although  recruiting  oflWra  arc  allowed  to  ex- 
ercise their  discretion  as  to  tlic  enlistment  of  desirable  recruits  (suc4i  as 
band  musicians,  school  teachers,  tailors,  etc.),  who  may  fall  not  more  tlian 
one-fourth  of  an  iitdi  below  the  mioiroum  t^andard  of  height."  The 
maximum  for  the  cavalry  alone  is  5  feet  10  inches,  and  for  all  ntbcr 
brnnvhcH,  aciy>rdii)g  to  weight.  The  minimum  height  is  subject  to 
cliange,  if  necessary,  but  it  has  been  demonstrated  that  <t  feet  2  inches 
is  a)>out  the  lowest  limit  for  efficiency,  men  Im;1i>w  lluit  height  buying 
proved,  as  a  class,  to  have  comparatively  little  staying  power,  and  lo 
break  down  for  want  of  strengtn.  In  the  Brittt'h  urmy,  tlw  minimum 
lor  tbc  infantry  is  tlie  same  as  with  us  ;  the  limits  for  the  cavalry  arc 
o  feet  6  inches  to  5  feet  II  inches;  for  the  household  cavalry,  5  uot  II 
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iadw*  to  '>  feet  1  inch.     In  tlic  French  army,  the  minimum  fbr  Cai- 
IwrierB  is  h  feet  7  inches ;  for  the  infnotn,',  5  feel  1  inch. 

Militan,-  organization  a  conip(wed  exclusively  of  very  tall  men  of 
imixwing  uppcjrancc  arc  intvnJt'd  for  display  and  not  for  tlic  usiinl 
worit  of  the  soldier,  and,  indeed,  have  often  proved  to  be  lacking  in 
tte  em6niial)t  of  gootl  BfJditTw,  nnk-^s  (hey  iiro  unusually  \vi-l!-[)rit|>or- 
tioD«d.  The  superiority  of  additional  height  is  commonly  found  to 
lie  in  the  leg  and  neck,  and  when  6  fii>t  3  incli(?j>  ii»  exwfded,  the  in- 
divtdiul,  as  a  rule,  is  not  proportionately  developed  in  the  cheat  and 
mucnlar  system.  Such  men  ar«  said  to  be  prone  to  diseaHes  in  gen- 
mt,  ancl  moif  especially  to  pulmonary  complaints,  thttn  men  of  me- 
diam  height,  and  they  heoome  fatigued  more  early  on  the  march  and 
uodt-r  all  ci  mums  tan  ccs  where  cndtinmcc  is  of  the  first  ni'ccwtity. 
Their  muscles  are  longer,  possesa  less  faicicnli,  and  work  longer  levers 
than  those  of  th«  short  m«n.  They  also  ufTer  a  bctt^'r  target  for  the 
y. 

the  other  hand,  very  »hort  men   are  quite  as  objeetionable  an 

over-tali  cummdcs.     During  the  Civil  War,  the  smallest  men  cn- 

broke  down,  aa  a  rule,  after  but  a   few  weeks'  service  in  the 

There  arc,  of  course,  exceptionally  short  men  who  are  unu»* 

muscular,  but,  as  a  elaas,  they  are  wanting  in  strength. 

Walgbt. — In  this  country,  there  is  no  minimum  weight  for  the  cav- 
■Ity  "  in  which  enlistments  may  be  made  without  regard  to  a  minl- 
■om,  provided  the  cht^t  meaituremeut  and  chest  mobility  are  .salinfac- 
iBry."  The  maximum  for  this  branch  ts  IGo.  In  all  other  branches, 
Ibe  minimum  and  maximum  are  n-itjteetively  128  and  190,  hut  a  re- 
cruit, exwplionally  good  in  all  other  respects,  may  be  acoeptt-d  in  any 
bnaeh  at  120. 

Ezaminatios  of  the  Eecmit. — The  first  st^'p  in  the  examination  of 
a  recruit  is  thorough  washing  with  soap  and  water,  "  It  is  not  be- 
lievi-d  (i)  he  go>H]  |>ol)ry  to  eMlii<t  men  who,  thougli  able-bodied  and 
intelligent,  appear  at  recruiting  stations  in  ragged  or  lildiy  dress,  as 
the  chances  are  such  men  are  tmnipn  nnd  v-agaltond^  and  will  not  make 
■ood  soldiers.  Men  who,  though  attire<l  in  clean  and  respectable  cloth- 
ing, are  found  to  be  filthy  in  tlieir  persons,  should  i>e  promptly  rejected 
(or  tike  n>a«on."'  He  is  then  pn^senled  tti  tlie  examining  olTieer  with- 
OOt  clothing,  in  a  well-lighted  room  large  enough  for  exercise  in  walk- 
ing, running,  and  jumping.  Here,  he  'n*  riubjerted  to  a  searching  phy:4- 
ical  examination,  and  each  deviation  from  the  normal  standard  is  noted. 
Ib  addition,  his  family  and  ixr^onal  history  are  ulttained  of  the  appll* 
eant,  whitsj-  replies  to  the  preserib<_'d  questions  are  recorded  with  such 

her  inf^jrmalion  as  bears  on  his  fitnesj*  for  the  duties  of  a  soldier. 

lis  inquiry  is  made  before  the  physEcal  examination  is  U-gun. 

The  examination  is  verj'  thorough  and  includes  the  mental  condition, 

•eoM*,  the  principal  organs  of  (he  l>ody,  the  general  formation,  the 

capacity,  the  condition  of  the  teeth,  skin,  joints,  and  feet,  and 

presence  or  alifiienee  of  heniia,  varicocele,  and  other  dijujualifi cations. 

■  HkDiul  tot  llic  Medical  DviATliuenl,  Waalilngloo,  1891^  p.  09. 
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The  leading  cJiaiBOtAristics  of  a  good  constitution,  as  cnumeratoi]  br 
Ilr.  C.  S.  THiiltfr,  U.  S.  A.,  are  as  follows:  "  A  tolerably  jiwt  pnipor- 
tion  between  tlic  diHeretit  parts  of  thii  trunk  and  nirmbers,  a  welt- 
sha|>e(I  hi'ad,  tbirk  Imir,  ii  countenance  expretinive  of  limltli,  wilb  a 
livdj'  eye,  ekin  nut  too  white,  l!p»  ritl,  trctli  wliite  and  in  gootl  rondi- 
tion,  voice  strong,  skin  Brm,  cbent  well  formed,  belly  lank,  pnrU  of 
generation  well  dcvcluped>  lindis  muMuliir,  feet  nrcbisl  awl  of  mod- 
erale  length,  hands  large.  The  gait  should  be  sprightly  and  springy, 
spavch  pmnipt  and  cli'itr,  and  manner  elieerfni.  All  Innk,  slight,  puny 
men,  with  contracted  figures,  wbose  development  is,  ns  it  were,  ar- 
reiiled,  slinnld  be  ttet  a.side.  The  reverse  of  the  cluimeteriiitira  of  a 
good  constitution  will  indtciitc  infirm  iKitllh  or  a  wrakly  habit  of  body; 
loose,  flabby,  white  skin  ;  long,  cylindrical  neck  ;  long,  flat  feet ;  very 
fair  eonipleiion  ;  line  hair  ;  wan,  eallow  ooiintenance." 

On  being  sooepted,  the  recruit  must  be  vaccinated  immediately,  ooleM 
there  \*  nnmigtakable  evidence  of  Hucoussfnl  vaecinntion  within  t 
roiHonable  period. 

Chest  Capacity. — The  determination  of  eliesi  capacity  »»  of  great 
value  and  imporlanic,  since  it  furnishes  an  index  of  the  vigor  of  the 
candidate.  The  factors  employed  are  the  client  nieastirements  and  ei- 
tent  of  mobility.  The  cliest  girth  is  measured  by  meaus  of  a  ta[)e- 
measure  passed  round  on  a  line  including  the  lower  portions  of  ilie 
Acapnlie  and  on  a  levrl  with  or  jimt  below  the  nipples.  It  is  taken  at 
forced  inspiration  and  foreetl  expiration,  and  the  difference  in  llie  tvo 
measiirementn  represent.-*  the  elicKt  mobility,  which  is  one  of  the  beot 
indiciitions  of  capueily  for  endurance  and  of  much  greater  value  thaa 
the  actual  maximum  and  miuininm  ctreumferenoi-^,  «inec  a  very  Urge 
chest  may  have  Ie«s  mobility  than  one  consi<Ierably  smaller.  For  laeD 
under  h  feet  7  inches,  the  mobility  should  I>e  not  less  than  2  incbe«; 
between  that  height  and  6  feet,  not  less  than  3.5  inches ;  0  feet  and 
above,  not  less  than  3  inches. 

Cheitt  girth,  weight,  and  height  are  very  closely  correlated  Id  the 
growth  and  development  of  n  healthy  man,  and  these  proportions  fth»uld 
be  carefully  obsivrvi-d.  The  fiillowiug  table  of  phyaicAl  proportitMia  ia 
Inken  from  the  Manual  for  the  Medical  Department, 
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"  It  iH  not  ncccmiry  ituit  the  applicant  Bhould  conform  exactly  to 
the  figures  imlicaUHl  aliove,  a  variation  of  a  fnvi  [HMintls  from  cither 
lide  of  tho  'ittin<);inl  in  tho  minimum  an<\  mnximuin  wci);hts  and  of  u 
fraction  of  an  inch  in  ohest  meaHiirenii'iit  l)i;ing  (UTmUsiblfi  if  tlw  ai»- 
plicont  is  olht>rwi«c  in  frixjcl  health  and  dettirable  as  n  recruit.  Th< 
table  is  given  to  show  what  is  regarded  as  a  fair  pro^wrtion,  but  the 
wct^riit  niiwt  bi!  at  liyi»t  Vl't  [K)und«,  except  for  cavalry,  or  whtn  li-jtu 
u  e§()ecially  auUioriated  by  the  Adjutant-General." 

It  will  be  observetl  that  up  to  b  foet  7  ii)chv»,  the  normal  weight  is 
to  be  two  pounds  to  the  inch,  and  for  each  inch  above  that  licight, 
ItKMindd  are  added,  and  that  the  chi^Mt  girth  at  oxpiration  in,  for  all 
ita  abovo  the  minimum,  just  below  half  the  height. 
Qrooada  for  Rejection. — The  nioat  frequent  cingle  cauite  of  rejection 
I  defective  devd'jpriR-nt.  Uuring  18S'8,  over  a  fourth  of  thv  re- 
ins of  candidates  for  the  r^ular  army  w'ore  made  on  this  ground, 
and  in  order  was  defective  vision;  third,  discaaes  of  the  circiila- 
Siich  is  the  order  which  commonly  obtains  also  in  the  British 
'nay.  Other  causes,  in  order,  were  diseases  of  the  genito-urinary 
organs,  diseases  of  the  digestive  apparatus,  bad  character,  genenil  un- 
Stne*^,  deafn<>K<i,  and  illiteraoy.  Mien  of  defective  development,  if  ad- 
■iUed,  arc  nott^l  for  the  time  whicti  they  spend  in  the  hospital  and  in 
^ihe  guard-house.  During  the  early  part  of  ihe  Civil  War,  thousands 
phy»i(«lly  inefficit'ut  men  were  allowed  to  enter  the  iirniy,  only  to 
!  discharged  alter  a  few  weekn'  service,  mo.'vt  of  which  was  passed  in 
hospitals.  Another  eh:inent  which  it  is  most  important  to  exclude 
the  habitually  intemperate.  As  Dr.  Tripler  has  said,  "  First  in  a 
naiiny  and  I11.M  in  a  lialtK',  lhi>  intcitiptrale  soldier  is  at  once  nn  ex- 
uipie  of  ins u hordiu alio n  and  a  nuisance  to  his  comrades." 
Inasmuch  oa  the  ability  to  march  \n  one  of  the  prime  quali6cation9 
soldier,  particular  att«Dtion  is  paid  Uy  the  condition  of  the  legs, 
Dicles,  and  feet.  The  existence  of  enlarged  veins  of  the  ankle  or 
tUgh  or  buck  of  the  knee  is  suBicicnt  cause  for  rejection.  I^arge  or 
ttwnt  bunions,  and  corns  on  the  sole,  flalfoot,  and  "  hammer-toe  "  are 
di»i(ualiricatious.  Koctid  pt^repirution  of  the  feet  is  an  inlulerable  nuis- 
laoe  to  others  in  close  association,  and  is  sufficient  ground  for  exclusion. 
The  Ices  of  many  twtli  or  a  wndilion  of  general  decay  indicatrji,  an  n 
,  a  lack  of  stamina.  Moreover,  the  soldier  in  the  ^eld  nerds  good 
to  chew  hLi  hard  biscuit  and  not  always  tender  meat.  An  insnf- 
it  number  of  opposed  mohu's  to  ensure  proper  ma»tiottion  is  suf- 
m  gn>und  for  rejection.  In  1898,  in  England,  of  KG,.'>01  recruits 
'Rf^lar  service,  l,7(J7,or  nwirly  1  in  3lit,  were  rcj<'cteil  i>n  account 
rtad  teeth  alone  ;  but  this  figure  gives  no  indication  of  the  pro]x)rtioa 
reaudidati^  who  might  hiivc  been  rejecti.-d  on  ihat  ground,  since  many 
'  summarily  rejected  on  other  grounds  without  examinatiou  of  the 

Defective  hearing,  th»t  is,  inability  to  distinguish  ordinary  convcrsa- 

on  with  eitlier  ear  at  50  feet,  is  a  disqualification,  since  orders  tnay  be 

tr  not  heard  at  all  or  misunderstood. 
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THE  HYGIEITE  OF  THE  SOLDIER. 

Pmonal  cleanliness  is  of  very  great  ini]>onaiioc  in  tbe 
noooe  of  iimhli  and  efficiency  ami  should  be  the  subject  of  much : 
tion  on  ibe  ]urt  of  tlie  inspecting  officers,  (ioneral  tnthing  can  ha 
bo  rxpt^cted  in  a  largr  ciinip  in  the  winter  months,  or  at  soy  tiiDf  whii 
water  is  scarce,  but  whatever  the  season  a  small  amount  of  water,  i 
qiinrt  <ir  to,  upplieil  willi  n  wttflh-nifr  or  sponge,  and  with  soap,  thtoU 
beeiiflicient  for  a  decent  degree  of  cleanlioesa.  In  the  warmer  moolbv 
where  water  is  plenty,  full  \mxhn  iiimI  swimming  stionld  be  encoangil 
I>uring  prolong^l  campaigns  with  limited  oi>portunit)es  for  keepinif  tk 
peraon  and  clotiiing  ciean,  many  men  arv  difuiblecl  by  chiifiti};  and  b1- 
oentioiis,  following;  irritation  of  tho  skin  by  prrspimtion,  dust  soil  din, 
and  contact  with  unwashed  liarth-ni'd  underelotltcs.  Itody  lice  alwiT* 
make  their  apiwanincc  and  uld  much  to  the  discomfort,  which  w  tol* 
temporarily  relieved,  but  eventually  aiignienled,  by  scratching  with  liii 
naJU.  Inf«!sted  dirty  men  convey  (he  evil  by  oontitfuity  (o  tticirnieucr 
Usocinlrt>,  who  then  suffer  not  only  in  body  but  in  mind,  filled  tridl 
dU^U't  and  hxtthing,  and  lon^ng  to  return  to  civil  life. 

Contentment  and  che«rftilueBS  are  very  essential  to  the  weil-bdtc 
of  an  army  ;  discontent  ami  eniini  undermine  health  and  discipline  and, 
consetjuentiy,  efficiency.  In  the  continental  armies,  enuui,  icadii; » 
homesickness,  is  believed  to  l>e  a  prime  cause  of  the  large  numbtr  <t 
Riiic-ide:*  and  cases  of  inamily.  This  is  more  marked  with  the  in- 
fantry, which  bnwch  requires  lesa  time  devoted  to  work.  In  all  anoio, 
it  is  recognixetl  as  leading  to  excessive  use  of  tobacco  and  liquor  ib4 
to  all  manner  of  bod  habits.  On  the  ntnrch  and  in  time  of  grocnl 
activity,  the  mind  is  stiniulnti^  ami  nce<l:<  no  s])c<ual  diversion,  bat 
aAer  u  camp  bus  been  permanently  established  anti  the  men  have  sritkd 
down  to  the  routine  of  camp  life,  they  begin  to  fret  and  soon  aeek  soImB 
in  tohanco,  alcohol,  and  gamblinj;.  and  not  infrequently  in  pcrvenaoDI 
of  the  generative  function.  Gambling  is  not  only  an  unhealthy  excite- 
ment, but  enp'udcrs  serious  quarrels,  bilicriiess,  iiixl  disappointnoit, 
and  is  commonly  carried  on  in  crowded  quarters  and  foul  air. 

The  abililyto  keep  troops  in  enmps  contented  is  regarded  nsooeoflbe 
strongest  evidrncea  of  capacity  for  command  and  admin  i^traltoD.  To 
keep  men  occupied  is  not  enmigh  ;  the  ooeuimtion  must  u<»t  be  wholly 
routine  drilling  aiu)  marching,  but  intercjiting  and  pleasant  work  nf 
other  kinds,  and  entertainments  largely  of  an  amusing  nature.  Kxira 
drills,  known  to  the  men  to  l»c  unuecnwarj-  and  cnrrietl  out  only  to  Vriy 
thtHu  busy,  do  not  n-iicvc  the  situation,  but  add  to  the  difficol'ty.  TU 
establishment  of  rt^dingroomn  and  opjH-irtunitieji  ftr  following  mechut- 
tcal  IradcH  are  of  much  service.  All  men  of  experience  testify  to  the 
great  value  of  athletic  sporta,  competitive  target  shooting,  gardMiioK 
fur  pleiwure  and  profit,  voenl  «nil  instnimeutal  concerts,  raiMlcviile ma 
miiwtrel  shows.  thetttri<-als,  and.  in  fact,  anvthing  which  will  offiw  i 
change  from  the  hnm-drum  of  life.  Very  liille  things  suffice  to  brwk 
otony  ol  life  in  camps,  just  as  in  tlie  country  and  at  eiUMaer 
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holiela^  where  tli«  arrival  of  the  Iraio  or  tAt^  or  the  paatuDg  of  a 
■tfBiig9  cwrtngo  tH  an  event  calling  forth  tlt«  deepest  intcri'st,  and  a 
D«w  arrival  a  genuine  exctlcincnt. 


Clothing  of  the  Soldier. 

Binoc  tlie  primary  »t>j«ct  of  clotliing  is  tlic  conserving  of  body  he&t 
in  cold  w«i(her  and  protection  from  the  direct  lieai  of  the  sun,  it  is 
eaaential  that  that  worn  in  any  one  kiiul  of  climiLUt  shonld  U^  udapcitd 
to  tlte  necessities  of  that  particular  climate.  It  ia  obvions  that  the 
same  uniform  cannot  t)e  um-d  in  the  northwntt  and  in  the  West  Indies 
and  the  Philippine  Islnnds,  where  the  blue  uniform,  ordinurily  used  in 
our  army,  haa  been  universtally  condemned  on  afM^ount  of  its  weight. 
Tlivreforv,  the  materia]  should  vary  according  to  tiic  nature  and  place 
of  service. 

In  choosing  mntorial  for  uniforms,  the  ehiif  points  to  \k  borne  in 
niod  arc  the  properties  of  heat  conduction  and  heat  absorption,  per- 
neabilily  and  dumliility.  Wool  \»  a  |KH)r  conduclnr  and  is  not  eaaily 
^j>et»ctnitcd  by  cold  winds;  therefore,  it  is  very  suitable  for  cold  cli- 
natee,  but  likely  to  be  oppreuive  in  the  tn)pie-8.  It  absorbs  water 
fn.'oly.  being  vcrj-  hygroscopic,  and  tbun  it  absorbs  the  perspimtion  iind 
prevents  it  fiwrn  evaporating  directly  from  the  unrlhoe  <ii  the  skin  and 
oniising  thereby  loss  of  heat.  The  chief  di«ld^'antnge  of  wool  is  the 
difficulty  with  which  it  ia  properly  washed.  When  iniproiwrly  wnahed, 
tlie  Hbcr  shrinks  rapidly  and  the  fubric  becomes  »muller  urn)  much  \«g» 
soA  and  absorbent.  During  washing,  woolen  materials  should  never  be 
nibbed  or  wrung.  They  should  Ik;  placed  in  water  containing  a  proper 
amount  of  soap  in  solution,  a.id  moved  alwut  freely,  well  rinsed  in 
water  containing  no  Mmp,  and  hung  up  to  dry  without  wringing.  The 
■cap  ttscd  slionid  be  of  good  quality,  as  free  as  possible  from  cxceHs  of 
alkali,  which  injures  the  woolen  by  acting  u]>on  the  natural  fat  of  the 
wool,  which  is  largely  cholesterin. 

Cotton  and  Linen. — Both  the,a*  articles  are  good  heat  condacton, 
but  arc  non-nheorbcnt  of  moisture.  Both  souk  up  moisture  from  the 
akin,  and  evaporation  of  this  requires  so  much  heat  as  sometimes  to 
aiue  chill  of  Uir  IkkIv.     Both  are  dundde,  and  neither,  particularly 

tton.  need  be  very  expensive.  For  underclothing,  both  arc  much  in- 
ferior to  wool,  which,  l>eing  ii  bad  heat  conductor  and  a  good  ab.aorb- 
eut  of  moisture,  prevents  rapid  cooling  of  the  body  when  it  is  in  a  con- 
dition of  active  ]>erspiration  after  physical  exercise.  It  is  far  more 
pernii'able,  also,  to  air,  which  it  holds  in  the  spaces  between  the  tiberv, 
which  adds  to  its  property  of  niin-eonduotion. 

Light  woolen  underclothing  should,  therefore,  he  preferable  to 
cither  cotton  or  linen.  A  very  good  material  is  what  is  commonly 
known  as  merino,  a  mixture  of  woolen  and  cotton,  in  uluch  the  cotton 
oonstiiuies  about  a  thinl.  This  combiner,  in  a  way,  the  advantages  of 
both  materials  and  is  a  very  much  mure  washable  fabric  than  pure 
woolen. 


i  a  very  iuferior  material,  nude  of  the  fiber  o 
wwik'ii  pujtls,  mixed  wilti  fixsh  wixtl,  with  which  it  i»  wo«n. 
manufnctiirers  Jo  not  introduce  any  more  fresh  wool  than  is  absolutdrf 
n('iM.i»i«ry. 

Oolor. — The  color  of  clottiiu^  has  in  importunt  bciirint;,  Ixith  phy»* 
iologiunlly  aii<l  from  a  military  poiut  of  view.  Color  iiitlueitcfs  tb« 
abflorptiun  of  hcul  mort-  timii  the  nature  of  tlie  niiiti*riul  itMclf.  While 
mntErinU  ab-iorl>  least  and  black  the  tnost  ht^at.  The  diS*ereoce  in  ab- 
sorptive powor  of  difTcrvnl  twlors  i»  diowii  iii  a  marked  d«gree  by  Uie 
fact  that  white  cotton  over  a  black  surface  will  reduce  the  temperature 
in  the  sun  over  10°.  Gray  ^tiind:)  next  to  white  nod  blue  next  to 
black. 

From  a  military  point  of  view,  color  'm  important,  since  diflereot 
colors  vary  in  their  conspicuousnes!!,  and,  therefore,  KtrntCf^calljr,  ibt 
one  which  standi  forth  the  least  in  the  land.'^cnpe  is  tlie  beat.  The 
mo:)t  conspicuous  color  iit  tc<I,  next  white,  then  black  and  other  dnrit 
shades,  light  blue  and  light  brown  and  gray  ;  but,  naturally,  much  <le- 
pemta  on  the  background  :  thus,  green  would  be  inoonspicuoux  ngaiint 
gnaa  and  other  green  vegetation,  but  would  show  very  distincttf 
against  bare  soil,  wherius  tlie  light  brown  of  the  ordinary  khaki 
U  the  least  conspieuouH  in  the  tatter  position.  Color  alM>  inBucnccs 
the  al)sorptinn  ot  odors  by  material.^  in  practically  the  same  order  io 
which  it  influences  the  absorption  of  heat  -,  that  is,  black  aiwl  the  dark, 
shades  are  most  absorbent,  and  white  the  least. 

Military  dress  coats  are  usnnlly  closely  litting,  warm  and  oppnvsi^'e, 
and  interfere  with  projier  expansion  of  the  chest,  through  tightness.  In 
active  service  in  the  field,  they  are  not  worn.  Undrew  coata  are  usually 
loose  and  far  more  comfortalilc  and  adapted  to  muscular  effort.  The 
khaki  suits,  worn  by  our  invijM  in  thr  impicit,  are  stiff  and  heavy  at 
first,  but  become  softer  and  more  pliable  with  repeated  washing.  TlivT 
are  siiHiciently  loose  for  all  purposes  of  comfort.  Trousers  are  made 
Biilliriently  roomy  in  the  SLiit,  and  reasonably  tight  about  the  waist, 
with  an  inner  belt,  as  no  suspenders  are  worn.  Tlie  bottoms  are  onti 
narrow  mlhcr  than  with  a  "»]iring." 

Gaiters  and  leggings  arc  used  for  protecting  the  anklc«  and  lpg« 
from  dnHt  hikI  mud.  They  are  made  of  brown  cotton  duck  with  sini{«, 
and  commonly  arc  not  well  fitting.  When  lined,  as  they  sometimes 
are,  with  thin  lejither,  they  an-  likely  to  lie  uneomforlnbly  hot.  The 
puttee  i«  made  of  a  soft  kind  of  cloth,  in  a  strip  f<iur  incJ»e«  wide  and 
some  six  or  seven  feet  long.  To  one  end,  about  "2  feet  of  strong  tap* 
are  f>i»lene<l.  In  applying  the  puttee,  it  is  rolled  up  with  the  tape 
in  the  center  of  the  roll.  Two  turns  arc  wound  over  tlic  top  |iart 
tlte  mikle-lH>ol  and  it  i.^  iIk-ii  wound  spirally  up  the  le^  to  a  )>nint  be- 
low the  knee,  and  the  tajH?  iil  the  end  ia  then  continuetl  spirally  over 
the  whole  and  fastened  at  th<>  end.  It  is  found  to  be  more  comfort- 
able and  more  pliable  than  leggings,  and  doe«  not  blister  the  Iteelt, 
which  leggings  sometimes  do. 

Head  Covering. — The  head  covering  is  a  very  important  article  ti 
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Ibe  dress  of  a  soldier.  It  should  prottvt  against  cold,  heat,  rain  and 
xhtr  hurninj;  sum.  It  should  In-  !ij;lil,  litmiblo  «n<i  coiiiforuilili',  ii<it  too 
cIoBtiy  Gtliu^  nor  prts^in^  iiiidiily  aoywhere.  The  leather  heltucis, 
worn  in  acme  armies  almind,  iiiiil  Ihv  felt  helmet,  utsvil  in  oiir^  arc  hot, 
beavT  mod  oppreceivc.  The  ordinary  white  helmet  is  conspicuous,  but 
comfortahte  id  the  eiin.  The  ordinary  foragt-  onp  is  flexilde  and 
jer\-i<.-«ilile,  but  not  i^ufiieicnlly  veiitilnted  for  hot  weutlicr  um.-.  The 
ipttign  hat  of  drab  felt  with  broad  brim  and  liigh  crown  has  been 
ad  to  fill  nio^t  of  tbv  ri-qiiireini-ijt»  in  the  fii'ld.  In  Cuba  and  in 
new  pvs»cssioD&,  it  was  found  at  first  to  he  too  heavy,  but  ex- 
loe,  especially  durin^r  the  rainy  )<i<ii)^on,  ImH  »liown  llint  it  haa  ad- 
uot  possessed  by  any  other  form  of  head  covering. 
Id  foreign  armi&«,  iinnooe.s^tarily  lioavy  helnieUt  and  olbcr  head  oover- 
sru  used  Lir{:v]y  for  purposes  of  display,  but  to  a  certain  extent 
lUo  a^  a  protection  against  mechanical  injury.  In  the  matter  of  dis- 
pt«y,  ihiTe  mn  be  no  (piestion  that  many  of  them  fulfill  their  object 
vlmirably,  but  as  a  means  of  defence,  helmets  of  heavy  leather  and 
netal,  weighing  from  three  to  four  |X)iinds  and  over,  would  lianlly  xeem 
to  eecure  such  an  amount  of  protection  as  to  compensate  for  the  great 
discofufort  and  llie  wwte  of  energy  wlii<rh  their  use  entAiU.  In  hot 
£j|isles,  helmets  of  bamboo,  provided  with  puggencs,  are  very  largely 
^Wed,  being  light  and  nffurding  good  prutitclion  from  tlio  fiun. 

Stockinga. — Concerning  sluckings,  ii  great  divergence  of  opinion 
(lisis.  Woolen  stockings  frec|uently  cause  the  feet  to  (lerspire,  even 
B  (wld  weJither,  but  they  are  niuoli  wiirmer,  and  hence  more  condiMjive 
to  comfort  than  cotton  at  that  time,  <^\>tton  is  naturally  more  com- 
Wlabli<  in  summer,  and  lo  ninny  prii|)h-,  nlnu  in  winter.  In  our  army, 
tub  kinds  are  issued.  Many  regard  thick  woolen  stockings  as  the 
beat  fur  walking,  in  all  climate^  and  as  a  protection  again.^t  frKit-sore- 
Bns  :  yet  it  is  probable  that  many  cases  of  sore  feet  are  brought  iiboiit 
b?  pxceftsive  perspiration  inducetl  by  them.  Perhai>a  a  happy  mean 
iia  thin  woolen  stocking  or  one  of  line  merino.  It  is  im[)or(unt  that 
Ihe  Btoekiug  should  fit  the  fool  properly,  for  an  ill-fitting  stocking, 
particuhirly  unc  loo  long  in  llie  iiwit  or  too  bixtud,  give*  rise  to  folua 
«hich  cause  excoriations  and  blisters. 
Boots. — The  value  of  well-filting  comfortable  boots,  permitting  un- 
r(Mruc1c<)  action  of  the  muscles  and  joints  and  free  circtdatiun  of 
when  walking  for  pleasure  and  exercise,  is  tfio  well  known  to 
any  vxteiisive  discussion.  To  tin-  soldier,  the  importniK-e  of  good 
is  still  greater,  since,  as  has  been  said,  an  eSicient  army  is  one 
,  can  mnrch  well ;  and  suhlicrH  cjinnot  nian-h  with  eri])pled  fiel. 
loreOTer,  it  freijueutly  happens  in  time  of  war,  that  in  an  emergency 
vliich  oiakMB  ninn  dependent  upon  his  walking  jMiwer  for  his  own  life 
*sd  liberty  or  for  the  proper  carn'ing  out  of  his  order,  a  goo<l  boot  is 
hit  b«*t  friend. 

The  sole  should  Iw  thick  and  genen«isly  bniiid,  so  as  to  prfijeet  all 
round  beyond  (he  upper,  but  should  not  be  too  heavy.  The  heel  should 
W  broad,   low  and  flat.'    The  boot  should  be  «ipiare  at  the  toe  or 
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ftlightly  rounded  od  the  outer  side  tn  aooordanoe  with  tbe  natonl  oni- 
line  of  tbe  foot,  tn  u  to  ullow  the  to«fl  full  play  in  wnllcing.  When 
placed  side  by  side,  the  inner  margins  of  eacJi  should  nearly  (oiirb 
throughout  the  whole  longlli  from  tlie  end  of  the  toe  to  tJic  laill  «f  ilie 
"~  sL  The  inside  should  nowhere  have  rough  inner  seama  or  projwv 
ang  which  may  cause  ehiifing  and  hlistcriug.  If  tmt«d  to  a  liberal 
amount  of  oil  or  grease  at  frequent  intervals,  llie  leather  will  be  made 
more  ftupjilc  and  at  the  name  time  more  ini|>ervioufl  to  water.  A  prep> 
aration,  recommended  by  the  late  Professor  I'arkce,  consists  of  a  mixtiiie 
of  a  half  pound  nf  fthoemaker's  duhbing  in  a  half  pint  each  of  linseed 
oil  and  of  u  solution  of  Imliii-nihbor.  Solution  is  eRcct«xl  by  ^ntlc 
heat,  which  should  not  be  applied  by  naked  flame,  sinee  the  India-rab- 
ber  solution,  eontainiufr  najihtlin  nr  vthar.  i«  i'x«H.-«linp!y  inflammable. 
This  preparation  is  well  rubbed  into  the  leather  and  renewed  at  ioter- 
vabi  of  three  months.  Tbi»  is  said  to  be  the  beol  wnter-proofing 
material  for  Icalbcr. 

Cavalry  boots  with  long  legs  are  not  suited  to  walking,  aa  ibey  are 
likely  to  produce  chnfing.  Woodhull  reoomnienda  as  a  sub¥ti(utc  a 
shoe  with  a  heavy  detachable  leg  and  stift'  brace,  which  HubMilute,  he 
thinkii,  will  probubly  iidii  to  oomfort  and  efficiency. 

Underclothing. — Undershirts  should  be  of  woolen  or,  better,  of 
merino,  i^inoe  pure  woolen  in  nnbearnble  by  many  and  liecau»o  of 
the  rapid  dclerioration  which  follows  impro|wr  washing.  The  woolen 
iinderHhirU  i-itiied  nt  lirtil  to  the  trnnptt  in  Culm  and  tbe  I'bilijipiiir* 
wore  conipluincd  of  as  cinislng  much  Irntalion  of  the  skin  from  prickly 
heat.  In  the  tropics,  a  light  weight  woolen  undershirt  m  of  the  liighmt 
importnueo  in  the  prevention  of  l>o<ly  chilling  from  e^-apo^ltion  of 
perspiration.  Half  cotton  and  half  woolen  or  two-thirds  cotton  and 
onc-tliiril  woolen  are  highly  rt-comnii-nded  u»  advantagcoua  combina- 
tions. 

The  ordinary  ithirt  of  the  soldier  is  made  of  flannel,  with  a  oollir 
and  breast  pockotsn.  It  is  mH<]e  fairly  full  and  is  very  onmfortabte. 
Woodhull  nwommends  the  carrying  of  an  exlTR  shirt  for  wraring  next 
the  body,  the  two  lx*ing  w()rn  atk-rmilcly.  "At  tbe  close  of  tlie  ilay's 
work  the  worn  shirt  should  be  taken  off,  dried,  stretched,  well-l>eati-n, 
and  hung  in  the  wind  and  sun.  Thin  Hhonid  be  done  oven  when  there 
is  no  change."  Drawers,  stockings  and  trousers  should  Iw  treated  in 
the  same  manner.  Drawers  are  neoewtary  for  cleanlineiM  and  wnnnth. 
They  are  made  of  the  same  material  as  undershirts.  In  m.iny  of  tbe 
foreign  armies,  drawers  are  not  issued,  and  men  who  drwire  them  an 
obliged  to  furniF^h  them  nt  their  own  cx|>on»c. 

Abdominal  Bands. — Abdominal  protectors,  either  in  the  form  of  the 
well-known  abduminnl  bnnd  or  of  mhikII  flannel  aprons  to  be  worn  nest 
the  skin  over  the  bowels,  are  regarded  as  very  essential  in  tbe  keeping 
down  of  bowel  troubles,  which  ao  commonly  npjicAr  after  abrupt 
«hanges  in  temperature;  and  especially  valnable  in  tbe  tropics,  where 
diarrba'al  dinea.**-*  should  I>e  prevented  ns  much  ns  possible,  on  aecouni 
of  their  leading  to  serious  and  fatal  results.'    The  abdominal  band. 
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lonly  callw]  also  "cliolern  belt,"  encircles  the  wliolc  of  llm  lower 
t  of  the  body.     The  tlaunel  apron  protecla  only  the  anterior  part 
ami  i»  favlencd  witli  n  tnpv  aroimil  th<-  wnist. 

Tht?  "  kunimerbunJ "  ia  much  preferred  by  many.  This  U  a  very 
oommou  urtlclu  of  dru**  ninoiig  tlie  natives  of  hot  Kai4t«rn  countries.  It 
is  a  bntad  told  of  ololh,  wound  tightly  five  or  six  times  about  tlie  waiat, 
for  tlio  girutectioD  of  the  lower  |>art  of  the  apin«  from  the  ttan'st  Tttyn, 
and  to  act  as  a  support  to  ihi;  Imck  mid  loins.  It  is  made  of  silk  or 
cotton,  or  a  mixture  of  the  two,  in  len^tha  of  ten  to  fifteen  feet  and 
about  twelw  to  eighteen  inclie«  in  widtli.  To  put  it  on,  one  needs 
the  aiKiiatiinee  of  a  companion.  It  is  folded  once  len^bwiae,  so  that 
its  bn-jultb  U  rednotrd  a  half  and  itn  tlii<:ktii.i<«  donbli-d,  siiid  ilicn,  while 
Btret<Jied  taut,  one  end  is  placed  in  position  and  held  there,  and  the  jteraon 
turns  the  body  round  rapidly  until  the  full  length  i.i  wonnd  otY,  wlica 
tbe  end  is  neatly  and  carefully  fastcued,  so  tliat  it  may  not  work  loose. 
Thi-se  prot^'Ctiveji  of  the  abdomen  prevent  the  evaporation  of  per- 
spiration and  chilling  of  tlic  nUiomcn ;  without  th«m,  diarrhcea  is 
likely  to  bi?  called  forth  by  slight  canaes, 

Wkt«r-proof  blankets  of  rubber  or  othrr  mulcnul  arc  very  important 
a  protection  ap»inat  rain  or  soil  moisture.  When  obliged  to  lie  on 
damp  gronnd.  they  are  a  gn-al  profwtioii.  In  tlic  lropi<w,  at  certain 
BeasoDs,  the  rainfall  ia  exceedingly  heavy  and  makes  the  use  of  Home 
form  of  water-proof  overcoat  npo(ai!*j»ry,  hut  sinc-e  these  are  very  hot,  it 
is  important  to  obtain  them  of  as  light  a  material  as  possible  without 
sacrilicing  lighlnetM  to  durability.  India-rubber  iLacIf  cannot  be  wora 
h^itually  or  for  a  lung  time,  Ix-uuise  of  its  causing  great  discomfort 
through  retention  of  heat  and  jterapiralion.  It  ia  of  mnoh  more  %'alu« 
in  the  form  of  a  blitnkct  to  spruid  on  the  ground  than  as  un  article  of 
clothing.  Cloth  may  be  made  water-proof  by  alternate  dipping  into 
solutions  of  abiminum  sulphate  and  soap  or  by  thorough  soaking  in 
raw  linseed  oil  and  exposing  to  the  sun  until  thoroughly  dry. 

Otber  articles  iK-tutnl  diiriiig  very  cold  weather  for  extra  warmth  in- 
clude hoods,  gloves,  overshoes  and  ovcrcuuts.  The  overcoats  are  no- 
lined. 

Tbe  Soldier's  Exercise  and  Work. 

Marching. — Since  the  moat  efficient  army  is  that  which  lias  the 
givatcst  csjiacity  to  endure  hardship,  it  follows  that  such  an  army  can 
do  the  longeat  and  l>eat  marching.  While  tbe  civilian  may  regard 
daily  walks  of  10,  1o,  20  and  more  miles  as  no  great  strain  on  the 
em,  the  linst-nieutioned  figure  la  accounted  good  average  travelling 
>r  aoldiers  on  a  long  march,  and  the  second  for  abort  movements,  but 
either  of  these  figures  may  represent  exceedingly  good  work  by  the 
best  of  men  in  some  climates  and  aeaaona  and  over  some  roadit,  or  by 
raw  recruits  in  their  tirst  marches  over  the  bent  of  roude.  This  is  not 
for  a  moment  to  be  looked  upon  aa  evidence  of  the  civilian'a  superiority 
over  the  soldier  as  a  walker,  for  tiic  two  perform  the  exercise  under 
verv  diR'erent  conditions. 
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Thooiviliiin,  in  the  flnt  placet  wittks  by  binuelfor  with  •  ootnpmioD 
or  tvro,  at  his  uwa  gnit  und  ftocordini;  to  his  owu  will.  He  may  vary 
\m  sli'|>  and  inny  rent  at  bis  pleaaure ;  be  carries  no  greater  biird(.>i)  (ban 
a  wulkiii^;  stick,  iiiid  can  suit  biniHcirin  ibv  matter  of  dress  aR<l  in  the 
inniiiier  (if  wearing  it.  The  soldier,  on  the  contrary,  ie  one  of  a  large 
Imdy  proceetlin^  Moiiicwbat  .stiffly  at  a  |ia«e  »et  by  otic  in  (Xjcnmand 
and  not  alterable  at  will.  He  carries  bis  arms,  accoutrements,  and  sU 
bis  tx-lon^H)^,  and,  perhaps,  Iii.i  rations  for  a  number  of  tlayx,  and  ii 
hampered  by  stnips  nnd  clutbiuK  which  interfere  with  free  circulatioo. 
He  re!tt!t  when  ordered,  may  be  halted,  without  renting,  witb  an- 
uoying  frequency,  nnd  may  "march  sit  eiwe"  iinly  when,  in  tli«  jndg- 
ment  of  the  commanding  officera,  tbia  is  praotieable.  At  one  time,  be 
ifl  moving  with  exoHpcruting  ^Iiiwne.i<8  on  aceount  of  ob«li»clcw  alM-sd, 
and  again,  ie  hiiriying  to  catcb  up  with  those  gone  before.  Moreover, 
\m  miirchiiig  ground  im  ebo.'«iMi  for  bira,  and  hi.s  mile*  are  eithrr  throii^jh 
dust  or  mud,  fur  a  soil  so  damp  as  lo  give  off  no  dust  b  speedily  oou- 
verted  to  mud  by  the  imprea.i  of  many  feet. 

Therefore  it  i^,  that  the  soldier's  10  mile«  represonis  mucli  more 
physical  exertion  iban  the  civilian's  20,  and  bia  tii  miles  muefa  moK) 
•II  tilings  odiisidvreii,  thnii  .'>0  per  cent,  inen-ase  over  bis  10.  Forced 
marches  of  2o  miles  and  more  are  very  exliausting  and  esDOot  be  kept 
lip  iiKirc  than  a  very  short  time.  One  of  ibe  lamt  notable  instance* 
of  long  distnnoc  mnrching  iu  a  few  hour«  in  recent  times  is  that  of  the 
City  of  London  Imperial  Volunteerri  wbo,  in  South  Africa,  in  Auguit, 
1900,  covered  30  miles  in  10  hours  hoping,  net-onling  lo  a  despatch  of 
Ijortl  Itoberls,  to  prevent  Gen.  DeWet  fn>m  oroasing  the  Krugeradoqn 
PolehefBlroom  railway. 

Among  tbe  best  known  long  marches  are  several  by  United  StalM 
tri^iopH,  wlio  bold  tbe  reoord  for  long  distance  oootinuoti-  marvJiing. 
In  lf*.0'J,  for  example,  a  regiment  of  infantry  marched  from  Fort 
Leavenworth,  Kan^a.-^,  to  a  (Hiint  in  Califomia,  n  distunce  of  l.HOO 
miles  in  190  days,  2^  of  which  were  given  up  to  resting,  so  that  la 
Ui'2  days  of  aeinal  marching,  an  average  distance  of  a  liitle  qvvt  1 1 
milet  wiw  trn versed.  In  18H0,  a  jwrtion  of  anotber  regiment  went 
from  Camp  Floyd,  Utah,  to  Fort  Buchanan,  New  Mexico,  a  disuiuoe 
of  1,000  milci*  in  110  dayi«.  Tbo  celeb rateil  march  of  I^rd  li^iberU 
from  Kabul  to  Kandahar,  in  1880,  over  very  rougb  country,  was  pci^ 
formal  ill  2.1  day.-<.  Tbe  li)ngi\-<t  day's  mnn-be^  were  20  and  21  tnilei, 
uiid  the  uveng*^'  dislttiiec  covered  was  nearly  1"  miles. 

In  the  Franco-Pruaaian  War  of  1870,  a  eorapony  of  French  cba»- 
seiirs  marcbed,  in  very  bnd  weather,  over  an  extioediugly  difficult  read, 
fur  41  bours,  witb  one  rest  of  an  hour,  anolJier  of  two  and  a-balf  tinuRn, 
ant!  Iialb<  of  H  minuti'9  in  each  of  the  marching  hours.  Tbe  exact  dis- 
tance marched  is  not  known,  but  tbe  inslanoe  ia  cited  as  one  of  excep- 
tional eiidnraiiee  and  banL-thi)). 

In  our  army,  oriiiuary  and  ijuick  marching  call  reepeetively  for  SO 
and  120  step^  of  liO  inche.^  eiieb  [ht  minute,  or  slightly  over  2.6  adJ 
3.-1  miles  j>cr  hour.     Double  time,  wlticb  is  quickly  exliausting,  callt 
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for  180  steps  of  35  ioch«s  each  per  minute,  the  equivalent  of  nearly  6 
milw  per  hour  ;  it  cun  ho  i^u»lAiiieci  lor  not  loiij^r  than  2  milcii  hy 
more  than  average  good  troops.  With  the  weight  carried,  30  iuchea 
per  step  is  (piile  vnough.  In  the  French  army,  'l.ft  miles  per  hour  is 
coDttidened  good  average  marching,  beginning  with  120  stepe  per 
niiiiiilo,  increasing  gradually  to  Vi^  and  13>^,  and  returning  during 
the  lieconJ  half  hour  tu  the  original  rate.  The  English  quick-sttep  '\» 
th«  same  as  oura  ;  the  *'  double  quick  "  is  leas  than  ours  in  length  and 
frequency — 33  inches,  I7fl  to  tlio  minute.  The  German  step  is  be- 
tween 31  and  32  inches,  and  114  to  the  minute ;  tlie  Austrian  and 
ludinn,  20  inches,  120  tu  the  minute;  l\w.  ItiiKxian,  2H  inclim,  120  to 
the  minute.  From  tlte  above,  it  will  he  obacrved  that  in  none  of  the 
great  armies  ni  ihe  worlil  t»  tlio  man-iiing  rate  equal  to  that  of  the 
active  civilian  when  out  for  an  exercise  walk. 

Every  soldier  is  obliged  to  carry,  l>esides  his  arms  and  accoutre- 
ments, certain  necessary  articles,  the  aggregate  wciglit  of  which  is 
variable,  hut  always  cnnsidenihle.  In  the  carrying  of  this  weight, 
great  care  is  necessary  so  tu  dispnsc  it  thiit  it  shnll  not  he  ovcr-hurdcn- 
M)me  or  detract  from  his  efficiency.  In  all  services,  the  reduction  to  a 
minimum  of  the  weight  to  lie  curried  is  u  matt<.'r  of  great  imptirlantic, 
but  the  dispoiiition  of"  the  weight  is,  i)erhap6,  of  greater  importance,  for 
con.'^idcrahle  harm  may  he  iiulmuil  by  iiitcrl'crencc  with  rc--piriiii<m  and 
circulation  by  pressure  from  the  necessary  straps  across  the  chest  and 
under  the  arm-pit^.  Under  favond>Ie  cin^umstanecH,  his  impedimenta, 
with  the  exception  of  arms  and  canteen,  mny  I>l-  transported  fur  him, 
the  result  being  not  only  greater  covering  of  ground  with  less  strain, 
but  fjrcjil  conservation  of  efficiency.  In  adjusting;  weight,  c«rc  should 
be  taken  to  avoid  compression  of  the  elieet  as  much  as  possible  and  to 
«qualiiu>  the  distribution  so  as  to  avoid  fatiguing  any  one  »et  of  mus* 
cles  unduly. 

The  fierman  infantry  itoldicr  is  niori'  heavily  equipped  than  the  Itril- 
isl>  or  American,  tho  total  load  exceeding  7ii  [jounds,  of  which  his  cloth- 
ing, exclusive  of  the  heavy  ])oli!ihcd  leather  helmet,  accounts  for  nearly 
24  pounds,  and  his  nrms  and  cqaipmcnis,  filled  wat4.T- buttle,  and  en- 
trenching tools  nearly  43  pound-i,  the  balance  being  rations  and  sundries. 
HiH  kit  is  carried  in  n  Icitthcr  knapsack,  aroinid  which  bin  rolled  over- 
coat is  fastened,  and  to  the  back  of  which  his  camp  kettle  is  strapped. 
The  Rusitittn  snldivr  alno  eurfics  over  70  pounds  ;  the  Italian,  aliout 
the  siunc ;  the  French,  between  G5  and  TO,  and  the  Austrian,  about  iiO 
pounds. 

The  blanket  bag,  that  i^  to  s.ty,  elotliiuR  and  other  articles  en- 
closed in  a  blanket  rolled  lengthwise,  u>ied  in  our  army  is  more  op- 
pre*»ive  than  the  blanket  roll,  but  the  blanket  roll  is  also  oppressive, 
siuoe,  being  carried  acro.<)s  the  body  from  one  shoulder  with  the  ends 
tied  together,  it  impedes  the  niovcmcnts  of  the  chest.  Moreover,  it« 
Use  implies  a  certain  decree  of  iiiconveuienoe,  since  when  the  blanket 
itfielf  is  in  use,  the  articles  contiiineil  iinist  he  cared  for  in  •M*nw  other 
wuy.     Other  devices  to  lake  the  place  of  blanket  rolls  and  knapsacks 
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arc  ill  use  nn<l  meet  irilh  diScreat  degrees  of  approval.  Tbc  one 
most  highly  oommpndMl  nvilhvr  imped^M  roifHratioii  or  circulation  nor 
involves  cimtnot  wiih  iho  hack  and  c<>n»K]Ucnt  &huttittg  out  ucccse  of 
air.     The  weight  Ls  siipiK)rli>l  <!hii*fly  by  ih.'  hip^. 

li\'ilh  new  leviea,  the  first  marches  should  not  cxctixl  a  very  fi-vt  mila, 
the  distance  hiding  gmdiinlly  increased  day  by  day,  until  they  beamw 
well  seasoned,  wiili  occasional  days,  not  including  Sundayi^,  »cl  aptM 
for  nwt  uihI  ntrri'mtiiin.  Whwi  thoroughly  seasoned,  there  is  less  frif 
tion,  and  with  greater  cxperieneo,  oomc;»  incrv*w*ii  rflicinicy.  lltaies 
but  H  ithort  time  foe  new  soldiers  to  learn  not  to  attempt  to  csny 
UDDocessar}'  articles  which,  at  fir^,  tltey  are  invariably  prone  to 
upon  as  eaaential  to  oomfort  and  pleasure. 

Cavaliy  and  infimtry  idtutiltl  niurt-h  .separately  if  possible  and  lo  i 
open  order  as  practiealile  in  order  to  a\'oid  crowtl-poisooing,  whiciil 
a  coniwjuciiee  not  alone  of  indoor  overcrowding,  hut  also  of  dost  1^1 
gr^tion  of  men  in  the  open  air. 

It'  puK^ihle,  marching  by  night  and  in  the  hottest  part  of  tbr( 
should  be  avoided,  fiir  in  hoi  weather  the  men  are  conily  exhauitall 
exereiw  in  tin.'  blaxing  sun,  and  since  they  can  get  no  sleep  duriogl 
day,  they  nc^-d  the  night  houre  for  tlieir  proper  re*t.     The  early  i 
ing  houre  are  the  best  for  marching,  as  for  other  forms  of  work,  t 
uic»  being  then  at  their  best ;  but  unless  absolutely  Deoeasarr,  I 
sleep  should  not  he  broken  before  the  ueual  time,  ein(%  what  i^  the 
gaint-d  in  di:*(Hnee  is  nmre  ihnii  liMt  through  the  interruption  ofi 
sary  sleep.      Before  starting,  a  light  bn-akfnsl,  inclttding  hot 
should  be  taken. 

During  the  first  hour,  the  pace  sliotdd  Iw  fairly  «low,  and  when  n 
miles  have  been  covered,  there  should  he  a  halt  of  at  least  a  quuttt  i 
an  hour,  during  which  the  men  »hould  attend  to  calls  of  natnn  i 
throw  off  their  loads  and  rest  at  full  length.  When  the  murcli  isi 
aumeil,  the  distance  to  be  covered  may  he  lengthened  by  a  half 
and  when  this  distance  has  been  tnivereed,  there  should  be  another  i 
of  aboul  the  same  length  as  the  first.  After  this,  tlie  rate  may  l>eil 
cn-osed  to  three  miles  tier  hour  with  a  ludt  of  ten  minutes  in  each  I 
and  this  rale  is  quite  last  enol^;h,  ejtoept  for  forced  marches.  Tli«  I 
in  the  middle  of  tlie  day  for  dinner  should  l>e  of  neveral  hour?'  du 
tion,  so  that  the  men  may  have  a  good  rest,  avoid  heavy  work  dimllf 
after  a  hearty  meal,  and  l<H>k  atVr  Uie  condition  of  their  feet.  At  i> 
w  unsafe  to  eat  heartily  or  drink  copiously  while  grwitly  f«ti]?u«l  <* 
overheated,  a  reasonable  interval  should  he  allowed  before  dinnrt. 

Halts  due  to  accidental  drcumstanevs  are  vert*  trying  lo  patie 
aiK)  strength,  and  when  their  probable  duration  can  be  detmnio 
this  sluMild  be  commiinicnt<-<l  down  the  cuhimn,  in  ortler  that,  if  the  u 
inter\'al  is  to  be  of  long  enough  duration,  the  men  may  haw  thei 
vanuigc  of  resting,  rather  than  stand  with  their  arms,  losing  patie 
and  temper,  ^inec,  also,  irregular  rate  of  movement  is  fatigningi 
annoying,  minor  obstaclca,  such  a»  mud  and  water,  sbonid  not  bei 
lowed  to  interfere  with  regular  progress.     Music  of  all  kinds  is  vcr 


iDvigorating  to  marclilnc;  mcu  ;  liarul  music,  fife  and  drum,  llic  clniin 
alum-,  uuil  eiDgici};.  Id  the  coiiti aentnl  arniiee,  sin^ng  ia  much  cn- 
oourai^,  ss  it  keeps  up  the  spirits  luid  givn  m  rliyclim  und  Kwiiig  to 
tlie  innrcl). 

If  the  weather  ia  hot,  men  should  be  allowe<I  to  pr(jiiiot<r  rvapurntidii 
of  tJicir  pentpiraliun  by  opeiiiiif;  tlioir  ojitts  or  b!oii«.-!> ;  otherwise,  water 
is  lost  from  the  body  without  performing  itH  iunntion  of  ri'diieinf^  thu 
botly-hc^t.  T'l  avojil  vxeus^ivc  thirst,  a  full  drink  of  water  should  be 
taken  before  starting.  The  eaoteeus  should  be  filled  with  water  or 
cold  u-ii  fur  um>  during  th<!  day,  but  (rtx  drinking  on  the  msreh  is  not 
bo  be  advised,  since  it  tends  to  beget  a  constant  thirst.  The  mouth 
should  l>L' kept  closed  as  muoh  nti  )><iMi>iblu  during  the  march,  and  the 
sensation  of  thirst  can  be  controlled  by  holding  a  snuK>ih  pebble  in  th« 
mouth  or  chewing  a  green  leaf.  The  sim[>Ie  ueeasionul  inoistculiig  of 
the  mouth  in  better  than  free  und  fn-qncut  drinking. 

In  caae  of  exhnujition  by  excessive  logs  of  fluid  by  pcrgpirstloa, 
drinking  on  the  march  is  necciwary,  but  un<k'r  the  usual  conditions,  the 
MUteens  should  be  nited  only  at  meals  and  near  or  at  the  end  of  thu 
day's  march.  Another  reason  for  abslHining  as  mucli  ax  possible  from 
drinking  is  the  uncertainty  of  supply,  for  no  dependence  can  be  placed 
on  the  probability  of  refilling  the  canteens  during  the  day's  march. 
Henoc,  each  man  should  oonuerve  his  supply  as  though  he  were  certain 
htliat  no  more  is  to  be  hnil  before  the  day 'h  destination  in  ruiched.  The 
'■mount  carried  can  be  kept  fairly  cool  by  wrapping  the  canteen  in  a 
w«t  clotti,  the  evaponilion  from  which  causes  perceptible  lowering  of 
temperature.  A  little  vinegar  or  linn-  juiw,  if  obtainable,  added  to  the 
water,  gives  it  a  relish  and  heljis  lo  allay  thirst. 

"  In  many  parts  of  the  \Vfjit,  waler  \i  to  scarce  that  judicious 
management  is  required  to  forward  troops  over  the  route.  Some  camp- 
ing-stations having  only  enough  for  one  or  two  vompanies,  the  com- 
mand, if  larger,  must  pass  in  detachments.  Or  it  may  hapjK'D  thnt 
the  distance  between  the  noarenl  waler-supplifd  niliw  is  too  gri'Ut  to  be 
marched  without  re:*t.,  in  which  case  a  ilry  ramp  nni&t  be  formed  at 
some  intervening  point.  The  passage  of  the  Gila  Bend  Desert,  35  nr 
40  miles  from  water  to  water,  is  usuitlly  ellw;t<'d  by  making  a  night 
march  of  25  miles,  when  ihi'  troops  go  into  ramp  to  re.'il  for  a  few 
hours  before  resuming  their  journey,  ami  to  have  coft'i.'C  issued  from  a 
water-supply  carried  in  tlie  wagons."  (Smart.')  On  arriving  at  a 
camping  place,  the  water  supply  must  be  immud lately  guarded  to  pre- 
vent (>iillution  and  trampling  of  the  marRin.  If  tlie  supply  ia  small, 
the  guard  mu.-«t  be  dnubly  ellii?liTit.  If  the  sujiply  presenled  is  a  small 
and  shallow  stream,  it  may  be  well  to  moke  small  reservoirs  by  means 
[of  temporary  dams,  one  for  drinkitig  water  for  ihe  men,  another  below 
for  the  horses,  and  another  for  bathing  and  laundry  purposes. 

Straggling  must  be  pn-venied  as  much  as  possible,  since  it  is  a  very 
serious  evil  to  the  morale  and  ellicieiicy  of  the  body  as  a  whole.     If 
straggling  becomes  considerable,  the  column  should  be  halted  until  the 
1  Buck'*  lljgieae  tinil  PuliHc  tloolth,  New  York,  1879,  VoL  II.,  p.  lU. 
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straggleni  can  overtake  it,  else  these  will  get  no  rest,  since  tbe  bourlv 
intervals  for  vv»i  must  be  iililizod  by  tUem  in  coming  up,  nnd  tb« 
oolumn  is,  perhaps,  alrendy  in  motion  s^in.  ThoBe  claiming  to  He  sick 
or  iiasble  to  mftrcli  rilioiild  be  4'xaiiiiocd  by  tbe  miiliciil  olIioiTfi,  wbo 
will  separate  the  really  unfit  from  llie  mulingcriTs  ;  tbo  former  are  given 
careful  tran.t|iurtAtion  ;  tbe  htb-r,  diH[>ni>txl  nf  accord iti);  to  ibcir  d<-«ert«. 

At  the  end  of  a  day's  marching,  tliL-  men  should  be  dismissed  as  soon 
00  poHiiible  and  they  ^hnuld  be  careful  to  guard  againnl  getlin^  i-billod 
through  reokle&s  removal  (>f  clolbing  nnd  should  agiin  look  uftvr  the 
oonditiou  of  their  feet  and  ]ier>iona. 

On  long  marehes,  an  occasiciiml  day  ehnuld  be  taken  for  oomplett 
rest  and  recuperation,  otherwise  an  inevitable  diminution  in  effieieocy 
will  be  occasioned.  Woodhull  cites  an  interesting  iuMnnce  of  over- 
marching  in  the  Franco- Prussian  War.  The  German  Ga^d<^-CoTp», 
consisting  of  :i(l,O0I)  infantry,  left  the  Rhine  on  August  ."id,  IohI  Icm 
than  !>,00l)  in  nclion,  and  on  September  '2d,  the  day  aAer  Sedan,  nnm- 
bered  13,000  for  duty.  On  September  Iflth,  they  reached  Paria  with 
but  9,000  men,  more  than  1 1,000  having  been  broken  down  by  exe*^ 
tion,  little  actual  sickness  having  occurred. 

Cara  of  tbe  Feet  on  the  March. — If  good  marchers  make  the  beat 
ooldieni,  it  follows  that  the  possession  of  the  best  soldiers  is  largely  de- 
pendent upon  the  condition  of  the  feet,  and,  therefore,  it  is  inoumbcDl 
on  the  line  officers  and  niL'dteal  corps  to  sec  that  the  individnal  men 
are  properly  instructed  in  their  care  and  that  they  are  faithful  in  per- 
formnnoe.  The  footxore  man,  so  far  a>t  efTictcncy  is  concerned,  is  a  sick 
man  and  becomes  the  equivalent  of  baggage.  He  cannot  mnroli  and 
aulTers  pain  when  at  restt.  Nearly  all  new  men  not  accustomed  to 
marching  arc  likely  to  sutler  from  excoriations  across  tbe  toes,  on  tbe 
insteps  and  malleoli,  and  on  the  bii<;k  and  .lideti  of  the  heels.  This  ia 
du«  to  friction  nnd,  if  attended  to  at  once,  may  be  prevented  from  be- 
coming serious. 

The  application  of  strips  of  ailhesive  plnster  of  gencroua  sise  to  the 
affected  part«  will  afford  the  same  protection  as  is  given  by  n  leather 
glove  to  the  hand  engaged  in  any  frictional  work.  Blisters  should  not 
be  opened,  except  by  n  minute  puncture  at  the  edge ;  afier  (he  fluid  hat 
oozed  away,  the  spot  aliould  be  protected  with  mlhesive  plaster.  The 
extensive  o|>en!ng  of  a  blister  pi'rmits  access  of  air  to  Ibe  rare  ares 
beneath,  and  the  stimulation  therefrom  ia  very  active  and  painful. 
Meu  should  Ik;  iniitnicted  to  trim  their  toenails  square  across  and  not 
too  close. 

Before  marching  is  begun,  all  men  with  any  soreness  of  Ibe  feet 
should  report  themselves  and  be  examined,  and  at  the  end  of  Um!  day, 
if  not  before,  they  should  be  regularly  in.vpiH'ted.  Men  uitu-'e«l  to 
marching  will  often  Rnd  greasing  or  soaping  the  feet  and  i<l'K-kinp>  an 
exe«llent  projihylactio  against  soreness.  A  ncutnil  greaw.-  like  mutton- 
tallow  isprefefnbletonoap,  since sumetimes  it  happens  tliat  tbe  lntirra»- 
sistd  the  perspiration  in  macerating  the  cuticle.  If  the  ttoof  an-  made 
supple  with  gn-Ase,  they  tend  leMi  to  cause  soreowiB  and,  in  additJon,  arr 
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Jered  wiit«rproof.  An  fxcselli-nt  plan  for  officers  and  otiifrs  who 
liffiini  tliem  in  to  wear  .-ilk  stoikiii^  uiidi-r  tin?  onliniiry  win^ks,  es- 
ptciully  when  llic  fcL-t  iirc  naturally  tcndtr.  The  fut-t  may  be  toiigli- 
eawl  liy  beiuj;  .intiked  in  wnriu  titrong  solutiona  of  aluiu  or  ooiumoii 
nit.  Ziiiu  ointment,  oijntiiinint;  <>  per  cent,  uf  tanniu,  U  also  very  use- 
ful. Salieylaled  laic  (talc  M7,  ptan^li  11),  salicylic  acid  3  parts  by 
weiglit)  U  usi-<l  in  tbc  Gcriiiaii  nrniy  both  on  the  march  and  in  giirri- 
BOD.     It  is  sifted  from  a  dredging  Imx  into  the  shoes  and  over  the  feet. 

If  the  Boruuesa  in  due  to  ilie  Mockiiigx  tind  not  to  the  «hoe,  it  ia 
often  advantageous  to  change  them  from  one  foot  to  the  other  or  to 
put  them  un  iiiji^ide  out.  Snm«  of  the  ountinrntid  armies  u.te  bandages 
in  pliicc  of  alockingo,  and  some  use  neither,  substituting  therefor  ■ 
[liberal  (waling  of  grea.s«.  Sorene^it  id  otY^n  dut-  to  neglected  biiuions, 
corns,  both  han)  and  soft,  and  infleshcd  nails.  These  troubles  need 
special  treatment.  In  the  British  army,  the  atiihnrities  have  caused  a 
unmlK-r  of  ihe  non-commissioned  ofRoers  to  be  inatrucleil  in  chiropody, 
and  the  siioceas  of  the  esperiment  haa  made  it  probable  that  a  perma- 
nent «orp8  of  tntincd  chiroixHiists  will  be  established  for  the  infantry. 

During  the  long  halt  at  midday,  each  man  should  remove  his  shoes 
and  stockings  and,  if  water  ia  to  be  had  in  abundance,  he  should  re- 
move the  acrid  perspiration  and  dirt  from  his  feet  by  thorough  wash- 
ing, [laying  particular  attcntiou  to  the  nurfacex  between  the  toes,  where 
excoriations  and  sotl  corns  are  prone  to  appear.  Dusting  powder  or 
nuo  ointment  on  absorbent  cotton  may  be  applied,  if  advi^ble,  between 
the  toes.  The  feet  should  be  made  quile  <lry  before  the  stijckings  are 
again  drawn  on.  If  water  cannot  be  obtained  in  sufficient  amount, 
wiping  with  u  dry  or  moist  cloth  will  be  found  to  mid  materially  to 
comfort,  and  is  much  to  be  preferred  to  long  soaking,  which,  by  soft- 
ening the  cuticle,  assists  the  formation  of  blisters.  At  the  end  of  the 
day,  the  feet  should  be  washed  and  the  stockings  changed  ;  those  re- 
moved .should  be  washed  as  soon  as  practicable  and  dried  during  the 
oight. 

Gare  of  Other  Parts. — Not  uncommonly,  soldiers,  especially  raw  re- 
cruitu,  are  much  inconvenienced  and  nnnoycil  by  chnling  ut  various 
points,  particularly  on  the  inside  of  the  thiglis  and  between  the  nates. 
Thi^  is  promoter)  by  perspiration  and  rcstniineil  by  ducting  powder, 
mo  ointment,  va^line,  and  cleanliness.  WoodhuU  advises  against 
washing  the  face  and  neck  in  the  moniing  while  on  tlic  mnrch,  Iwcttnse 
the  removal  of  the  nutunil  secretion  mLkc^a  the  skin  more  susceptible 
to  the  inrtnence  of  heat  and  duat.  He  recommends  washing  the  eyes 
and  mouth  and  mi'n-ly  wij>ing  ihe  face  and  neck  with  a  damp  cloth. 
At  night,  the  face,  neck  and  whole  body  should  be  washed,  if  possible, 
but  foremost  of  all,  the  head,  armpits,  feet,  and  genituls  and  adjacent 
parts. 

Otre  should  be  taken  that  the  Imwels  are  not  neglected  while  on  tho 
march,  any  more  than  while  in  garrison.  If  purgatives  ai-e  retjuired, 
thotte  given  should  be  mild  in  character  and  not  sucli  us  may  re<iuire 
repeated  operations  at  short  intervals. 
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Tbe  Soldier's  Food  ;  '■  Rations." 

The  word  "ration  "  in  commonly  iinderstoocl  to  loean  tbe  anoaat 
food  issunl  to  riu^li  suldivr  Tor  a  niiigk'  mutl.  Thie,  Itowvver,  is 
from  bein^  the  truth.  Uuder  the  r^j^tlations,  "  a  ration  la  the  tib 
vice  Tor  swttinviK'c  of  our  jN'rHoii  for  otie  day,  and  cowi.'^lR  ofAi 
meat,  the  bread,  tlie  vegetables,  the  c»9ee  and  siigar,  the  mwoojd^ 
■nd  thv  innap  and  candle  (Nim|Kineni.->."  Knli>ted  men  and  Iw>[Nm1 
matrouB  and,  when  tbv  circuniKtunvos  of  their  service  make  it  tims- 
8«ry,  civilians  ein)>lovcd  hy  the  aniiy  caeh  draw  one  ration  periisy. 
The  ration  is  not  ncce««irily  the  did.  ifunx  piirts  of  it  niHV  !■?  ei- 
changed  for  other  things  or  for  the  ea-ih  equivalent  with  which  lobuy 
them.  It  i»  fiied  by  Uiw  mnd  van  be  vliunfpM  only  by  legithon 
enactment. 

Thtt  rlifTi'rent  articles  composing  the  ration  for  troops,  where  oootinf 
is  practicable,  and  their  amotmts  are  as  follows : 

Aaricus.  QcAvntm 

Jiftof  Campmiiratt.  Okbmi. 

FrM.hb«.f. ...» 

or  Froih  mutcoa  wben  the  eott  doca  not  oioced  that  of  baof 30 

or  Pork IS 

or  BacDii IS 

wS*lt  b<*f SS 

or,  wlif'ji  meat  cnnnat  be  tDmiiihcd,  Dri«d  fith. . ,.„... 14 

or  Fickl«l  fikli „....„..18 

orI''>aih  fidi „.... ......IB 

Arwnrf  Cbm^iOMWtf. 

Flour. U 

w&ftbNail 18 

orllaribrMd... „ W 

or  CbrameBl - 90 

Baking  po*dcr  Tor  troops  in  Iko  Sold  wbicn  niatmry  to  cnoUe 
ihsm  to  hnkctWir  nwn  brvad \\ 

Boonn -... _ _ S 

or  I'mw „ „  2 

orRJoo.. „ „ 1 

or  Ilominj' ,.,... ........... ._...._....... ..... I 

Vataloet.., W 

or  Pot»liH<i  13)  Slid  OnioiiH  Tti   ,.„ 16 

or  Potatoes  1 1  \  and  (.'nn  tied  TomatDOB  4f 

or  other  fresh  voKMnbW  not  caaned  wbvn  ihov  can  b«  obtainod 
in  (lio  vlclnllf  of  the  pixl  or  tniu}H>rled  in  a  nholctnine  ooo- 
dlllon  from  a  diMaacs. 18 

Coffee.  (tnMn...._ I^.. .f!. _ \\ 

OrloMIod lA 

vr  Tua,  icrMn  or  blade „,.„ \ 

Sunr „ _ 3 

•rMoloMiiv  (xilhil t 

or  Ohio  Sjrup  (gUlo) _..._ „ , „.    {{ 


D 

I 


ViMKtr  (fiUa).. 

Bah.- 

PoppM,  black ... 


Staaonmg  Cbmpaaatl*. 


THE  SOLDIERS  FOOD;   " nATWNS." 


697 


Wlmt  is  known  iw  tin*  "travel  riitioii"  is  mnod  in  pliuje  of  the 
ordinary  rucion  "  vchea  troope  travel  otherwise  than  by  murclilng  or 
when  for  >hrirt  im^hihIm  they  iirr;  st-piiratt-il  fmin  cooking  facilitieii  and 
do  not  cfirry  oookeii  riitionB."  It  consiets  «f  the  following  articles  and 
ta  issued  in  the  ainotinii*  .-trntcd,  [>cr  hundn>d  rations, 

AiUcIbl  Ptr  100  rilloiu. 

ScJi  bread.  pdiimU..... .I13,n 

or  Hunl  brcnili  pounds • ...■••._........■. tOO 

Reef.  caiinr<l,  ]j»imdik ....... TS 

Baki-d  )H-nij)i,  I'lKiuiid  ttm»,  number • 33 

or  S-poiitid  ciini.  number • 16 

C'oltrv,  nuuUid,  pound* - B 

8u)iBT. 15 

After  fonr  daya'  Hub8iHt<'ncc  upon  this  ration,  troops  mny  be  Allowed 
in  addition  a  fioiind  of  tomntoai  daily  per  man.  On  arrival  at  their 
destination,  ihcy  rotiirn  to  ttie  ordiiiMry  nition.  When  tnivcllinK  uo- 
aceoiupanied  by  an  nffioer,  eaeh  man  may  be  allowed  a  cash  sum  per 
day  for  the  purehiwc  of  litjuid  wifrw  in  place  of  the  coffL-e  and  »ugar 
portion  of  the  travel  ration. 

The  "emer^ncy  ration"  eonsist^  of: 


Bacnn  10  o 

llani  bmd IS 

Pea  mml 4 

t'4ilTv«  (roMtod).. 2 

urTto 0.5 


BocdiBrin  4itnun« 

SbIi 0.M  oun« 

t'cppcr „ a04      " 

ToUoM iO.60     •■ 


Of  thU,  as  many  days'  rations  are  issned  at  once  as  may  seem  necessary. 
Abroad,  thi.-  well-known  pra  siinwipi.'.  coni*iBlin(i  <)f  pea  flour  and  fat 
pork,  Is  much  used  in  the  emergency  ration.  This,  mixed  with  hot 
water,  iiiiil<e«  a  very  j^ood  soup,  bnc  s^>on  proves  to  he  eloying.  Meat 
biscuits  and  dried  meats  nre  also  nmch  u^ed. 

It  will  hn  i>bnorvc<l  tliiil  ihi-  ordiniiry  nilion  1^  fairly  flexible  as  it 
etAnds,  bnt  it  may  be  made  more  so  by  exchanging  artides  not  wanted. 
It  i8est;d)Iinhed  by  law,  bnt  i.t  not  necessarily  the  daily  dietary.  Thus, 
the  various  articles  (exccptin;?  the  fresh  vcgclables,  bread  and  baking- 
powder)  not  needed  for  consumption  may  be  purchased  by  the  com- 
uiLssary  a*  savingc  at  the  invoice  pni*i*.  "Savings  and  «iieit  of  fresh 
beef  (except  of  that  issued  for  the  sick  in  hospital,  the  detachment  of 
the  hospital  ccirp«  and  Ihi'  h'lMpitnl  matron  (w-rving  therein)  are  pro- 
hibited,'" hilt  the  fresh  meat  allowance  can  be  reduced  in  amount  and 
its  money  value  drawn  in  oihi-r  things.  For  cacli  ration  of  flour 
turned  in.  Ihe  company  is  entitled  to  one  ration  of  bread  or  the  price 
of  one  flour  ration. 

In  many  perraancnt  campn,  garden*^  can  be  cultivated  and  a  supply 
of  fresh  vegetables  thus  obtained  both  for  immediate  and  future 
tne.  Comniiitjiiirin  for  ihesc  i»  allowed  at  the  prices  of  jiotatoc*  and 
onions  in  the  vicinity  or  in  the  market  from  which  supplies  are  de- 
rived, in  the  pro[)ortion  of  80  {)cr  cent,  of  potutocx  and  'iO  per  cent,  of 

*  AnD7  R«KiilatioiM,  p.  IflO. 
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ooions.  The  amounl«  of  mouey  from  uH  sources  furm  the  oompanr 
fuR<l,  whicti  in  dlshur-sod  by  the  <.vini|Kiny  cominaiKler  solelv  for  ibe 
beneQl  ut'hU  uwii  mi'n. 

FruiU  nod  vegetabli*  are  very  eaaential  in  lUe  dietary,  on  acoouot  of 
their  unti-scoibiitic  pRiportifs.  TIii-  iinwt  viibiiible  of  tJie  auliioor- 
butici  is  ooraniouly  hdd  to  bo  liiue-juice ;  the  juiw  from  ibc  fre«b 
limes  IB  Miporiur  U)  tlic  hottU-d  artii'li-,  Ixinioii^  are  of  about  the  sanw 
value  as  limes.  Among  the  vc^laUleH,  nolntop«,  oinomi,  ami  cmbbage 
take  bit;b  rniik.  Tin-  lrguiiii-«  are  devoiu  of  antiscorbutic  propertica. 
According  to  Womlhiill,  the  beet  antifrcurbnlie  is  tb*  agftvc.  "To 
pri;]>!tre  il  cut  off  Ihe  leaves  cli)se  to  the  rool,  cook  thetu  well  in  bot 
aah«s,  express  the  jiticc,  and  liritik,  rnw  or  ewectrnwJ,  1—1  wineglaaa- 
fuls  three  times  a  day.  The  white  iulerior  of  the  leaves  i»ay  b* 
eaten."  The  dried  vegetables  aix)  fruits  are  Ur*«  valuable  than  ibe 
fresh  and  should  be  allowed  to  sii]>en«de  the  latter  only  wbvn  tbcae 
cannot  be  obtained,  but  tbey  an:  far  jtujifrior  to  compreswd  vegetable*, 
which,  in  the  praceeaof  compression,  lose  much  of  thtrir  salts  and  a  por- 
tion of  their  proteids.  Dried  vegetableK  mu.'it  be  well  soaked  in  water 
before  use,  else  they  may  cause  digestive  disturbance  and  diarrboa. 

Alcohol  in  Ration. — The  <{ue&lion  of  the  advi-iahllity  of  inolndtnc 
a  spirit  nllowiincc  iu  the  ration  luis  been  the  subject  of  tiiiicb  car«fai 
consideration  in  all  countries,  and  has  been  answered  with  practical 
unanimity  in  the  negative.  But  there  are  times  when  a  single  ia-iue  of 
spiritj*,  or  repeated  issues  according  to  circumstances,  may  be  useful 
and  even  nrcc^Hnry.  Thus,  on  n  forced  innrcli,  when  exhaustion  is  great, 
the  stimulant  may  l>c  of  very  great  necessity,  though  it  is  said  that 
hot  tea,  if  time  admits  of  its  prppamtion,  may  lie  equally  or  stilt  more 
eervioeable.  When  given  at  all,  it  should  be  taken  well  diluted  and 
never  in  concentration. 

During  the  Civil  War,  a  ihuiy  issue  of  a  g^H  of  whiskey  l«  each  offi- 
cer and  man  of  the  j\rmy  of  the  Potomac  waa  ordered,  half  to  be  given 
out  in  the  moniing  nn<l  half  in  the  evening.  Tlii»  waft  brought  about 
by  the  fact  that  for  several  weeks  the  men  had  been  sub^tcd  to  un- 
umiiil  hnrd^hip!*  and  extra  duly  anr]  werr-  bn^aking  down  nn<)er  the 
■train.  The  issue,  which  was  to  continue  "  until  further  orrk-re,"  was 
greeted  with  enthu-siastic  nppreeiation  of  the  larsightwlnesa  of  the  au- 
thorities responsible  for  it.  "  Until  further  orders  "  proved  to  be  ex- 
actly one  month,  and  hot  coffee  was  substituted  for  tlie  whiskey,  the 
i«8ue  (if  which  was  ordi-rcil  |i>  be  "  hnmriliiilfh/  diKi'titit'oiufi!,"  During 
the  month,  the  general  condition  of  health  of  the  troops  was  not  only 
iu  uo  way  imjtroved,  hut  became  markeilly  worsi*,  while  drtiukeoDCW. 
with  its  attendant  evils,  became  much  more  common, 

Concerning  Iheuwof  lieernnd  light  wineti,  a  very  different  opinion  b 
hcM  by  many  of  those  best  qualified  to  judge  by  results  obeorvc*!.  In 
aeveral  of  the  great  armies  of  Kurnpe,  an  allowance  of  light  wine  is  coa- 
tomary,  nnd  it  seems  reasonable  to  supposo  that  where  the  imifortaDce 
of  a  large  standing  army  is  so  great,  alcohol  in  this  form  would  oot  be 
tMued,  were  it  not  upon  tlic  belief,  based  on  long  experience,  that,  dj- 
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Jy  or  indirrclly,  it  is  a  benefit  snd  not  au  evil.     A  little  light  wine 
,  the  clotifi  of  a  daj'  of  lianl  work,  but  not  befurc  or  during  ita  {xtr- 
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nud  restful,  either  in  tlie  usual, 


vrmancc,  apiK-nr»  to  be  rccuj 
■trenglh  or  dilnU-d  witli  water.     In  tliix  <»nntry,  the  tto-callcd  oanleea' 
tfetcm  ie  bflifVfd  to  hv  prudnotivi'  of  a  distinct  pun   for  temprranix 
UDong  the  soldiers;  and  hy  temperance  i.s  not  meant  total  abMinence. 

The  canteen  is  a  pinoeat  n  lullilury  po^t  where  Knmll  war«>»,  liltli;  lux- 
Dries,  tobacco  and  the  lighter  alcoholic  drinks  can  be  purchased  under 
eloM  nuperviston,  so  llial  nbu^^^M  cunnot  occur.  Tlu-re  i»  no  inducement 
held  out  for  the  men  to  buy  drink,  and  what  is  sold  must  be  consumed 
on  the  prefuise!*.  What  small  profit  i^  iKrHvcd  gfica  to  the  po:^t  ex- 
cbwagp,  which,  besides  the  cunteen,  comprises  a  general  store,  a  lunch 
counter,  recreation  rooms  supplied  with  readin^r  matter,  and  a  gym- 
uuium. 

It  is  believed  that  the  system  has  worked  out  the  solution  of  much 
of  the  problem  eonc-cruitif^  dninkcnncj«  in  the  army.  The  soldier  uc- 
aHtomsd  in  civil  life  to  the  use  of  beer  ia  enabled  to  obtain  it  in  a 
dKcnt  way  end  only  to  it  decent  extent,  anil  hence  has  no  temptation 
to  seek  alcohol  in,  perhaps,  stronger  forms  elsewhere  and  not  under 
supervision.  He  \»  more  likely  to  remain  hubitimlly  sober,  instead  of 
being  occasionally  helplessly  drunk  and  commonly  in  diffictdties.  It 
is  said  that  the  order  of  thingtt  that  obtaineil  on  [lay  day  under  the  old 
■^em  lias  been  very  largely  ubolisht^d.  Then,  pay  day  was  a  source 
of  aattsfactiou  to  noiufdy  but  the  saloon-k(-('|M?rs,  who  sold  bad  liquor 
■t  high  nitfit) ;  men  were  absent  days  at  a  lime  without  leave ;  rourls- 
martial  were  busy  and  there  was  much  jruard-house  service.  Those 
who  have  studietl  the  niatu-r  R'^ard  the  ejinleeu  as  ihe  friend  of  de- 
cency and  discipline  and  the  enemy  of  every  saloon  near  a  garrison. 
Naturally,  tlie  .tHloon-koe|>ers  and  that  chws  of  n-formerx  who  believe 
io  the  poflsibility  of  bringing  about  radical  changes  in  human  nature 
hf  legislation  are  violently  op^Kised  to  the  eontlrniancc  of  the  system  ; 
aod,  indeed,  the  latter  have  been  so  successful  in  their  a^ptation  against 
it  that,  in  spile  of  the  practical  unanimity  of  the  ofReers  of  the  army 
of  all  grado^  in  its  favor,  it  wilm  abolished  by  Act  of  Couj^rcss  in  Jan- 
nary,  l'H)l. 

Preparatioii  of  Food. — The  art  of  cooking  it  a  very  valuable  tio- 
complishmcnt  of  a  soldier,  e.«pecially  when  on  active  service.  In  camps, 
the  oooking  ia  done  by  p<:-r»in:j  entii^ted  fur  that  purgwiic,  one  oook  be-. 
tng  alk^weii  by  law  lor  each  cum)iany,  troop,  or  battery.  On  applica- 
tion, he  must  first  pass  the  regular  examination  of  a  recruit  and  then 
one  in  which  he  must  demonstnite  his  knowledge  of  methods  and  skill 
in  oanng  for,  preparing,  and  serving  food.  Kitchens  are  placed  under 
the  immwliato  charge  of  niin-c<>inmiwioncd  olVicers,  who  arc  held  le- 
aponsible  for  their  condition  and  for  the  proper  use  of  rations.  Only 
tho«e  employed  or  tliose  on  duty  are  allowed  to  visit  or  remain  in  the 
kitchens.  The  general  supervision  of  the  cooking  and  messing  devolves 
apon  the  company  coramandere,  who  are  charged  to  exercise  personal 
eaiv  and  judgment  to  prevent  waste  and  nuisance  and   to  see  "  that 
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suitable  men  in  sufficient  Dumbeni  aru  fully  mstrncted  in  maua^ng 
and  cooking  llw  ration  of  the  field,"  sinoe  when  the  confeniencej"  for 
conking  on  a  large  scale  are  no<  at  hand,  it  beoomea  aeoessary  for  on 
to  divide  into  ^ninll  NiuBd.i  and  )>ri^pare  their  own  mesls. 

The  baking  of  bread  is  carrie*!  on  in  post  bakeries  nnder  ibo  elia 
of  t-[ili:<tiHl  men  detailed  as  chief  and  n.'isintant  bakf-rs.  Baking 
eompaoies  al  posts  is  enprcMly  prohibited,  but  is  tho  rule  in  ttmpornnr 
ennipn  and  with  marching  mlumnn,  portable  ovena  of  variona  kinds 
and  burrvl  oven*  biinn  employril.  The  barrrl  oven  is  licat  nutdeiritb 
a  barrel  with  iron  hoops,  irhivh  U  placed  on  its  side,  covered  completdy 
with  cluy  or  stilT  niiid,  cKnept  at  it«  open  end,  and  then  with  a  thick 
layer  of  dry  earth,  leaving,  however,  a  small  (3-iDch)  opening  at  the 
top  of  the  inner  end  to  ster^'e  aw  a  flue.  A  fire  is  made  in  the  Inrrri 
and  kept  up  until  nil  the  woo<l  is  biimed,  leaving  an  oveu  of  clay,  fcr 
wliieh  the  hoops  net  as  a  support. 

In  the  field,  on  account  of  traiKportation,  it »  aece«sary  that  cooldag 
applianoes  should  be  as  simple  and  ec(HH>tnical  of  apaoe  as  possible. 
The  greater  the  amotuit  of  IwigEage,  tlw  greater  the  iiuml>cr  of  wagnM 
neoeaaaiy ;  the  greater  the  numl>er  of  wagons,  the  greater  the  oambiT 
of  animnU  »nd  ihi'  ureniiT  tin-  iiinouul  of  iin?<---^ry  fMniip-. 

I8  th«  n.  8.  Ration  Adequate  in  Amount  and  Oomposition?- 
Thia  qneation  has  agitated  the  mind!i  of  many  during  recent  tiini':<  tnil, 
more  particularly,  since  the  onthreitk  of  the  war  with  Spain,  and  li«  . 
ration  has  been  denonneiil,  wlieilier  jii.^lly  or  unju.otly,  in  respect  tobotbj 
quantity  find  quality.  For  a  better  understanding  of  the  !qibJK(|i| 
comparison  of  the  ofliciat  ration  with  thow  of  other  conntries  in  akJdbj 
warfare  is  a  larger  industry  than  with  us  may  not  be  amies. 

The  Itrilieh  soldier  receives,  on  home  jierN-iee,  12  ounces  of  owtl 
and  one  (lound  of  bn«d,  and  detains  what  he  can  of  ^-egvtables  »1^ 
groceries  from  a  ;wr  dian  allon  anee  of  seven  eenis,  which  is  dedoctt"! 
from  his  pay.     What  he  oevtli  in  addition,  he  buya  at  tlte  caotttAj 
(at  post)  or  elsewhere. 

Tn  the  6e!d,  he  receive*  one  pound  of  fn-sh,  aalted,  or  pwserwl' 
meal,  or  when  the  supply  of  mitle  is  abundant,  !.-'>  pounds  of  fw^ 
meat ;  1.25  pounds  of  frn'h  bread,  or  one  jHiuud  of  l>i.*cuii,  or  ow 
pound  of  dour  or  m«-al ;  one-third  onnoe  of  ooSec  and  one-sixth  c«MC 
of  tea,  or  a  double  allon-ance  of  either,  or  nne-third  ounce  of  cboroUle 
or  cocoa  ;  two  ounces  of  flipnr,  onc-halfouncv  of  salt,  onc-lhirly-siitk 
ounce  of  jMpper ;  one  ounce  of  compressed  vegetables,  or  one-half  p(«J 
of  potatoes  or  other  fr<«h  vegetable!*,  or  two  ounces  of  split  pea*,  T 
one-fourth  pound  of  onions,  or  two  ounces  of  rice  ;  one-tenth  gill  lin* 
Juice  with  one-fourth  ounce  of  »agKr  when  frei>li  vegetables  are  art 
issued  or  when  the  nie<)ica]  officer  thinks  necevoiry ;  one-half  gtH  ^ 
'•piritti,  when  considered  necessary,  bestdes  tobaeeo,  light  and  fofl. 
Ttiu*  ration  is  subject  to  ctuingc  for  better  or  worse,  aecordins  w  vo- 
otunstance!^ 

The  Fn-neh  soldier  receives  lO.R  ounces  of  meat,  26.4  ooncfsrf 
tnunitioD  bread  and  8.8  ounces  of  white  bread  for  soap,  or  19.4  omM 
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of  hard  broad ;  3.!i  odntMM  (nnti  of  dried  vt'gctiibKtii,  vliiofly  boanfi,  and 
frvvti  vi';^-{iil)W,  n'itb  alt  utid  pepper.  Much  uf  this  comes  out  of  his 
pay.  The  Gwman  soldi<'r  rtrci-ivi';"  in  time  of  ]>«>a(«,  atvording  aa  he  is 
in  garrtiwii  or  in  ratup  niid  fitld  iitaua?iivre^,  o. 30— 17.05  ounces  of 
neat,  or  4,-l'l-(i.00  ounces  of  bacon  ;  ^fi.n()-;[i).:{0  ounces  of  bread, 
3.!^G.00  Dui)0(«  of  riw,  or  ■J."2y-().(J0  of  grouts,  or  8.10-12  of  pfiii* 
or  beam,  or  53.00-7 1.OO  of  {x>taloe» ;  and  in  camp  or  field  manceuvres, 
a  liter  <if  beer,  or  a  half  likT  of  wine,  or  &  ttnth  liter  of  spirits,  and 
1.76  ounces  of  butter.  Id  time  of  war,  he  receiven  l;t. 25  ounces  of 
fivsh  or  ^Ited  meiit,  or  ft.80  ouik^-s  of  smoked  meat  or  saiisago,  2B.50 
oaDe<.-s  of  breiul,  4.40  ouucei^  of  rice  or  groaii-,  or  8,8U  of  peoH,  beuns, 
or  flour,  or  5:1.00  oiuicea  of  potatoi'.'*,  0.00  onnce  of  roa.-<Led  or  1  ounce 
tl0f  nw  ooflW,  nod  0.90  ounce  of  salt. 

The  Russian  soldier,  in  time  of  pea(«,  receives  7.25  ounocB  of  meat, 
AZ.%rt  of  rye  brwi<I  or  28.9  of  biscuit,  32.65  of  flour.  lui.l  1.80  of 
groate.  In  time  of  war,  he  receives,  according  to  whether  he  is  on  the 
nnallvr  or  larger  war  mlion,  14.45-21.6.5  ounoes  of  meat,  .3G.15  of 
lye  bread,  4.80  of  groats,  and  1..15-:f.7Uof  euet  or  butter.  lie  is  also 
allowed  money  fur  1.50  ouiitos  *'-xiu\  of  nit'ut,  and  an  nrldilional  cent 
and  a-tiiilf  for  vt^^-tablcs  and  other  articles.  The  Austrian  eoUlier  re- 
ceives in  peace  6.70  ounces  of  nioai,  ;i0.9n  of  bread  or  17. G5  of  bard 
breu'l ;  6.60  of  flour,  or  2. .50  of  peas  or  beans,  or  4.95  of  gruat»,  or 
5.30  of  millet,  or  4.00  of  barley,  or  .'S.70  of  rice,  or  lil,75  of  potatoes ; 
6.t!»  of  *auer  kraut,  and  O.ljO  of  suet.  In  time  of  war,  9.ftO  oiinivs  of 
meat,  or  '1.00  of  salt  meal  or  bacon ;  2.'j.20  of  flour,  .'1.50  of  hard  bread, 
4.30  of  |)ea»,  or  4.9-1  of  groat?^,  or  5.55  of  saner  kriiut,  or  8.80  of 
(wtaloce ;  and  1 .05  of  suet,  with  coffee,  and  beer,  wine  or  spirits,  anil  4 
«ents  fur  extra  vegetables. 

TIm>  S[)«iii«h  floldit'r  receives  24  ounocs  of  bread  and  is  required  to 

Sftcud  7  eent^  out  of  his  daily  pay  of  9  wnts  fur  the  rest  of  bia  sub- 

.ttistpnctr.     In  lime  ofnar,  his  pay  is  increased  from  2. .5  to  5  ot-iiis  per 

[day.     The  Italian  soldier  receives  7.05-10.60  ounces  of  meat,  0,50  of 

twcrin.  32.40  of  bread.  5.30  of  rice,  0.70  of  sugar,  0.50  of  coflee,  0.60 

K*t  .'^ult,  and  a  quarter  liter  of  wine. 

C*>m|«rison  of  tbes*-  liguiw  with  those  uf  our  ,iiwn  ration  demon- 
ttmtfs  at  onn-  that  ours  is  in  all  respects  the  most  libcnil  nition  in  the 
l>«orId.  In  only  one  instanee  is  there  a  conspicuous  superiority  in  the 
l^mounl  of  an  im{K^>r(iinl  constituent ;  namely,  the  very  gcniron*  iilluw- 
lee  of  potatoes  in  the  German  ration.  Not  only  is  it  the  most  abun- 
l^ant,  but  it  ailmits of  {^-.ater  variety  than  iiny  other.  But  cvin  at  that, 
|Sa  i*  held  by  maoy  to  be  insufticient  in  amount  for  the  proper  perfor- 
[vtiaiice  of  the  work  a  soldier  may  be  oilletl  upon  to  perform.  K.xperta 
>an  the  making  of  dietaries  have  proposed  increasing  the  flour  ati<l  soft 
»rTui1  allowance  by  about  a  fiiurih  lunl  :ul(liiig  about  -'i  unnces  uf  flour 
[*o  tbe  alternative  allowance  of  hard  bread  and  20  per  cent,  lo  the  al- 
|**rijiilive  allowance  of  com  meal,  with  a  reduction  of  40  per  cent,  in 
tdte  allo^vanoc  of  potatoes,  an<l  tliv  alternative  of  money  value  in  milk 
»r  cheese  io  place  of  the  allowance  of  peas  or  beana. 
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In  the  conaiileration  of  the  question  of  quality  and  vmriety,  it  Dtnt 
be  ixinw  Id  mind  tlint  while  it  ia  neces^ry  to  have  a  standunj  of  food 
value  fixed  by  luw,  it  is  nut  nctK-ssary  to  fonsiime  preciiwly  tlx"  articles 
named.  Nor  ia  it  jmasible  to  fix  a  money  value  to  the  ration  and  gtre 
out  the  ctViU  otiiiiviiU'tit  in  pliice  of  actual  loud,  for  ihe  nwldier  ia  not 
alwayti  near  a  market,  and,  moreover,  if  ho  were,  it  is  most  ffvidcut 
that  the  suniu  amount  of  money  in  different  plncea  woald  yield  veir 
different  amounla  of  nutriment,  since  in  one,  the  food  itupply  i*  abund* 
ant  and  cJienp,  and  in  another,  scanty  and  expennive.  What  the  soldier 
eats,  depends  upon  circiimi-t:tnix-ft  and  larji^'ly  upon  Ihe  dUcretioa  of 
company  comniandera  ^'ciided  by  the  advice  of  the  medical  oEBoera,  bat 
aa  said  btforc,  the  nutnul  food  value  is  fixed  by  CongrcM  and  is  baled 
on  the  experience  and  study  of  many  yeara. 

In  the  public  mind,  the  ration  is  niggardly  in  amount  and  exoeed- 
iDgly  limited  in  variety,  and  there  has  been  a  loud  outcry  am)  demud 
for  a  chan^.  This  ia  due  to  a  sorieei  of  uDfortuiiate  hnp|)cning8  during; 
the  war  with  Spain,  when,  from  one  cause  and  another,  Hiipplies  wen 
slow  in  coming,  or  were  very  scanty,  or,  when  reoeivMl  and  dis- 
tributed, were  untit  for  food.  This  is  not  creditable,  for  the  importuee 
of  gomi  food  in  abundance  at  critical  times  cannot  be  overntated.  Bat 
the  blnnio  for  ncf^lvct  or  incompetence  on  the  pari  of  thoec  whose 
busineas  it  is  to  transport  troop  and  feed  an  army  ought  not  io  josttoe 
to  be  placed  upon  the  niliun  iUelf. 

Nevertheless,  no  sooner  were  the  facts  known,  than  "Senex,"  *'V»* 
rita«,"  "  Pro  Bono  Publico,"  "  Fiat  I.ux,"  "  Outraged,"  and  other  ama- 
teur dietista  and  arm-chair  alrategists,  each  imagining  himself  to  have 
inherited  the  mantle  of  Junius,  attacked  the  ration  in  all  its  partico- 
lars  in  the  public  pre^,  demiimlcil  instant  chants  for  the  iM'tter,  and 
Buooeeded  in  creating  a  widea])read  prejudice  against  it.  And  yet,  bad 
Congrcs.'t  8tipul:it<-d  that  it  shoiilil  include  hir^que  of  lobster,  tvndcrlotB 
Steak,  freah  green  peas  and  asparagus,  and  similar  articles,  it  seems  oa- 
likely  that,  under  all  the  circumstancc:<i,  the  men  wotild  luve  been  any 
further  removed  from  star\'ation.  Hod  the  supplies  been  properly  for- 
warded in  gixid  condition,  it  i»  unlikely  that  any  ven*  great  complaint 
as  to  the  litncss  of  the  ration  for  lighting  men  would  have  liern  heard, 
although  ita  general  suitability  a.s  a  tropical  diet  for  any  lengtli  of  lime 
ean  hanlly  he  maintained,  us  i«  shown  below.  Aa  to  its  suttabiliiy  for 
feeding  those  broken  down  by  typhoid  fever  and  malarial  diaeosea,  on 
their  way  lumic  on  erowd<  d  tr!m«|iorlt^,  then'  ran  lie  but  one  opinion. 

Is  the  United  States  fiatlon  Suited  to  the  Tropics? — The  qoea- 
tion  of  the  suilabillly  of  our  ration  t*)  t!ic  tropici  Li  one  wliicli  l»as  a»- 
BUmed  preot  imjxirlanoe  since  the  necessity  arose  for  maintaining  large 
armie.t  in  onr  nt-w  pi^^Hf^Mion^,  and  its  diacusii>ion  has  bi«ii  marked  hr 
a  much  more  temperate  tone  and  has,  therefore,  yielded  better  results. 
The  bpginniof;;  of  the  di-tcussion  may  be  said  to  have  arisen  fmm  the 
faot  that  it  became^  generally  understood  that  haeon  was  a  necessary 
constituent  of  the  daily  food,  both  in  camp  and  in  active  operatiotn,  lo- 
stead  of  an  alternative  as  may  be  gathered  from  t)K  wording  of  the 
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Btatate— frmh  beef,  ar  tnjiXi  miilton,  etc,  or  poric,  or  l)nooh,  or  salt 
beef,  or  dried  fish,  or  pickled  fieli,  or  fresh  lisli.  Itncon  hns  its  advan- 
tiges  atoerlaiii  times,  but  !>  nol  I'u^-rly  itmi^iht  nf'ttrr  by  tluM'  not  in 
px>d  hvnlth,  nor  itt  it  acceptable  in  very  tiot  climntes  ns  a  re;;ular  diet 
any  more  than  any  other  fatty  food.  Fnti*  arc  much  needed  in  cold 
dimatM  for  thv  production  of  heat;  in  hot  climates,  the  ncccseity  for 
Ibar  use  is  but  slight  in  comparison.  But  when  fresb  meat  cannot  be 
obtained  either  on  thu  buof  or  from  cuUI  storage,  and  wbcn  the  appe- 
tite is  cloyed  by  canned  nteat«  (and  this  is  soon  brought  about),  borCOD 
M  acceptable  a»  an  occasional  snbiitltiite. 

To  thoee  at  a  distanee  and  unucquainted  with  local  conditions,  the 
ideal  supply  of  fresh  meat  is  cntlJi*  on  the  hoof.  But  tlie  eatllc  of  the 
tivipic»  are  not  the  same  as  tbot^e  which  we  know,  nor  are  they  always 
to  be  had  in  even  small  numl>eni.  i^'-nding  live  cattle  from  home,  to 
be  driven  along  on  the  march  to  be  killed  aa  needed,  is  not  always 
pracHcable,  for  even  if  landed  in  g«o<l  condition,  they  cannot  be  kept 
on  the  march,  and  unless  the  c<)iinlry  traversed  is  good  grazing  land, 
they  loee  weight  and  die  off  rapidly.  Canned  meats  are  much  inferior 
to  fre»h  meats  and  cannot  lung  be  eaten  with  relrsh.  The  canned  so- 
called  roaat  beef  is  commonly  the  residue  of  meat  after  the  extractives 
have  been  1>otIed  out  of  it  fur  the  iimiiufaeturc  of  moat  extrat^t,  and  it 
is,  therefore,  lucking  in  flavor,  although  not  materially  diminished  in 

trilive  properties.     It  is  often  att  taatele.-fii  and  Hhinwt  an  difficult 

clicw  as  towelling,  and  ts  very  far  from  inviting  \a  appearance, 
especially  when  the  cans  are  opened  at  ordinary  hot  summer  tem- 
pemture. 

According  to  many  experienced  minds,  the  consumption  of  meat  in 
■nj  form  «hould  Wi  miicli  limited  in  the  tropict.  Kixjuemaure' ad- 
Tiaea  the  European  in  iJie  tropics  to  take  nothing  into  his  stomach,  ex- 
Mpt  articles  easily  digested  ;  luulton,  beet',  and  |K>rk  oidy  in  modera- 
tioti  and  not  too  tborou;;hly  eooked  and  not  regularly  or  too  often; 
birds  egjjs,  and  fish  nrt-  more  to  Ix-  commended ;  especially  to  be  re- 
lied ui«>n  arc  rice,  dried  vegetables,  fresh  vegetables,  stareliy  foods, 
motl  ripe  fruits  in  good  condition.  Kohlbilgge'  places  above  all  other 
io(1arnc<«  in  the  (let  moral  ion  of  Knropeuns  in  the  tropici"  the  too  ex- 
t^niiive  osc  of  animal  fats,  which,  he  claims,  are  responsible  for  much  of 
%Xkv  tiiarriioeal  tmublct  of  the  tropics.  Ho  recommends  the  vegi'table 
oiL)  for  supplying  what  fats  are  n{>edc'd  by  the  body. 

The  t^servations  of  Dr.  I>.  L.  Seaman,'  in  Porto  Hieo,  lead,  in  part, 

to  the  same  conclusion.     He  relates  that  within  a  week  after  hmiling 

Iq  the  summer  of  I8!)8,  in  spite  of  the  strictest  sanitary  precautions 

□d    jiervuud  hygiene,  the  entire  force  with  which  he  wax  (K)nneeled 

affered  from  some  form  of  intestinal  catarrh  from  one  cause  and  an- 

Uter,  and  ttuit  medication  was  of  no  avail,  since  the  diet  of  bacon,  ^It 

■  HnJMH!  slimi-nMire  >iix  mjH  diHrxli.  Btirdimux.  I8O1). 

*Z)w  AaelimsttMUia«i  der  LiiropOEr  in  den  Tropcn ;  DouUclic  modic^iniichc  Wach«n- 
Mt,  1888.  N"L  S7  >nd  2«. 
•New  York  Hi-dical  Juurnal,  Much  18  and  2i.  1699. 


XtllTARr  HVOIENB. 

hettf,  caniMiI  b«iii)i  imd  pork,  nud  hardtack  proved  to  b«  a  cnatinual 
irritnol,  by  which  the  troubles  were  agfrmvnlwl  ami  the  pon-«r  of  re- 
sistance miiol)  reduced.  Under  niich  condilions,  lualsrin  aod  typhoid 
fever  could  gnin  a  fuothuld  in  tho  sysli-m  "iih  much  gtvjiter  cbk;  fint 
came  the  malaria)  fevers  of  the  various  typca,  aud,  in  the  early  pitrt  of 
September,  on  thf  intnxluctiuii  of  the  geniiM  from  Tumjin  mid  ('liicka- 
mnuga,  typhoid  fever  broke  out  and,  spread  by  fiJM,  continued  witi 
varyiu]:;  ecvcrity  until  vmharkalion  for  home  in  November.  The  value 
of  a  milk  diet  was  emphutically  dcmuiislrntvd. 

Koerfvr'ii'  recommendation  to  Euro|)eaoH,  to  leave  their  pork  fat, 
meats,  ttud  alcohol  at  home  witli  their  healing  stoves  nnd   fun  wb< 
they  go  to  reside  in  the  tropics,  is  quoted  in  conGnnatioa. 

While  the  use  of  green  veECtubles  is  universally  n-oommcodcd  In 
the  tropics,  it  is  not  always  easy,  and,  in  fact,  it  is  often  extremely  ilifli- 
cult  or  imiwsMiblc,  to  obtain  them,  Mince  llic  niilivt-H  of  lh<!  tropica  are 
commonly  content  to  live  on  rice,  dried  beans,  and  fruit,  with  an  oca- 
flional  tnate  of  lish  or  meat.  Canned  vegetables,  wlitle  grateful  to  the 
system,  are  not  wholly  to  be  recommended,  on  account  of  tmnsporttt- 
tion.  A  can  of  iitring  bean!<,  for  exanijile,  eonliiiuii  a  maximum  of 
wnt«r  and  a  mtuimum  of  nutriment,  nud  for  its  real  wn'ica  in  the 
dietary  may  be  said  to  be  hardly  worth  its  cost  of  carriage.  Dried^^J 
vegetables  and  fruits  arc  more  eoonouiail,  but  must  be  well  soaked'^H 
before  use.  ^^ 

The  Court  of  Inijuiry,  ap[Miinted  to  investigate  the  food  supply  of 
the  army  during  the  war  with  Bpnin,  rcp<irlc>d  amooj;  otber  conclnsions 
the  following :  "  As  to  the  HK'<'t'4  of  the  food  supply,  having  regard 
to  sufficiency  and  quality,  it  sci-ms  to  be  clearly  established  thai  tiic 
army  ration  as  snp|ilied,  wiilioiit  modification,  lo  the  troojis  srrviDg 
in  llio  West  Indies  was  by  no  means  well  lubpted  f<)r  use  in  a  tn^ipical 
climat*.  If  this  he  true,  the  unlitncss  of  the  ration  should  liave  mam- 
rested  itself  by  its  fniturc  to  keep  llie  troojis,  who  Hulnsisted  n|ion  it,  in 
the  best  possible  condition  for  service  in  hot  climates.  This,  in  tbi 
opiuiiin  of  tilt!  (K>iirt,  is  fully  eslabli.'died  in  evidcnov."  Scamnn  advo>^ 
Cfttes  a  reduction  in  the  meat  eomptmcnts,  the  nee  of  salted  meats  not 
oftener  than  twice  per  week,  nnd  nn  increase  in  the  allowanvc  of  Vtg^ 
table  and  farinaceous  foods  and  dried  IVnits. 

Dr.  Edward  L.  Munfion,  U.  8.  A.,'  ha»  studied  the  subject  of  trop- 
ical diet  from  the  standpoints  of  physiologieni  sciemy,  iivailiibilily,  and 
practicability,  and  oonchides  that  the  articles  of  the  miiim  art-  enmct 
as  they  stand,  being  ndmindily  .'H-lectvil  and  of  gixwl  variety,  but  n<*d 
some  rearrangement  in  their  resiiective  amounts.  lie  proposes  eertsio 
modifications  nnd  offers  four  iii^'laries,  llic  average  of  which  i«  not 
widely  variant  from  a  proposed  nutritive  standard  for  Mildiers  In  tira 
tropics,  lis  fidlows :  Protein  100  grammes,  carlMi hydrates  <><'*0,  fata 
66.      (Nitrogen   16,  total  carbon,  392,  fuel  value'  3,49t   culoricM.) 

'  bfliitaclie  m«liriniKhv  Woi'licnai^'hriru  < 
'The  Iil<al  Katinn  tor  nn  Armjin  (I 
Satirical  Jouroi),  Msj  3;  10^  lT,'and  i 
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,    Dietarjr  I.  contains  the  greatest  amount  of  food  material  which  can  be 
\    dnwn  b/  the  soldier. 


TROPICAL   DIETABY   I. 


Aitlelc*. 

QuuCltj, 
onDca. 

FaU, 
gruniuM. 

44.75 

6.60 

1.22 

.4-1 

1.63 

Carbobj- 

dritea, 

grunnjai. 

PtdIsIii, 
gramm«a. 

grammei. 

FusI 

Tilua. 
CaloTi« 

10 

il.fiS 

6.67 
7.90 
2.42 
1.52 
.57 

690 

18 

380.46 
40.18 
81.70 
33.80 
S4.25 

55.08 

15.16 

B.50 

1.77 

1,860 
240 

2.4 
16 
3 
3.6 

380 

220 

397 

62.9 

63.66 

630.39 

123.19     1    18.78     i  3,677 

Total  carbon,  395. 14  grammes  ;  nitrogeD  to  carbon  1 :19.6. 


Dietary  II.  is  especially  applicable  to  field  service ;  in  this,  the  fatty 
entBtitnenta  attain  their  maximum  and  the  potential  energy  is  high. 

TBOPICAL   DIETABY    II. 


Artlcln. 


Bkoo 

Bud  brod. 

Ambi 

Dried  fruit.. 
fiogM 


QnuUtr, 

OUDMi. 


Total. 


6 

18 
2.4 
3 

3.5 

32.9 


P*U. 
grammea. 

105.06 
6.63 
1.22 
1.53 


Cirbehj- 

dral«i. 

gramniM. 


114.44 


371.81 
40.18 
50.70 
04.25 


Froteln. 
graniiDaa. 


15.64 
73.12 
15.16 

1.77 


Nitrogen, 
^ammoa. 


Fuel 

•due, 
Calaria 


2.49 

11.74 
2.42 

.27 


556.94       ia^.69 


16.02 


1,042 

1,926 

240 

220 

307 

3,825 


Total  carbon,  328.76  grammes  \  uitrogen  to  carbon,  1 :  23. 


IXetary  III.  is  proposed  for  garrison  duty. 

TROPICAL   DIETARY   III. 


ArtlclM. 


Carlwh  r- 
Duaco.     I  gmtiRiei.  I  g?^'°';,.  ,  gmmuiM. 


Quantity,  lata, 


rmteln. 


^Mhbeef 

BAbreMi 

^DtaMM  and  onions  . 

iMadfniii 

«P«« 


10 

44.75 

20 

6.80 

16 

.72 

3 

1.63 

3.5 

Total I     62.6 


63.80 


299.20 
73.09 
50.70 
94,25 

617.21 


41.68 

5.1.83 

8.  GO 

1.77 

6.67 

8.61 

1.40 

.87 

106.88 

16.95 

690 
1,506 
340 
220 
397 


3,053 


Total  carbon,  328.76  grainmes  ;  nitroRcn  to  carbon,  1 :  18. 


^etary  IV.  is  a  combination  of  the  several  ai^icles  of  the  ration  most 
closely  approaching  in  character  the  food  materials  used  by  the  natives 
of  the  tropics,  proportioned  according  to  the  proposed  standard. 


ToUl  cubon,  3Z7.60  gnrnme* ;  nitrof^  to  atbon,  1 :  lOA 


The  followiog  table  shows  the  mean  aulricnt  compoeitiou  of  the  fen 
dietaries  and  admita  of  ready  comparison  of  one  witJi  another. 


oiMwr> 

ovnen. 

«MI»IM». 

tnmnm. 

M 

mm, 

Cikltm 

No.    II 

No.  I II 

S3.9 
S2.D 
63.S 
64.6 
60.7 

6S.&5 

11444 

63.80 

10.11 

67.«7 

«W.3» 
666.04 
6)7.34 
6W.82 
676.86 

IS3.19 
106.89 
106.88 
UH.S6 
100.76 

18.78 
l&M 
16.U 
16.71 

Arttnge...... ...._ 

17^ 

im 

Tool  earboQ.  350  gntotam ;  niirogMi  lovariiOD,  1  :S(k 


Posts  and  Camps. 

Posts  are  permanent  camps  or  those  of  po&ition,  and  campt.  in  tbt 
usual  si'iiHi-,  are  tetuponry  or  iucideotal.  .\t  poc>t«,  the  iroopf  in 
housed  in  barracks,  while  at  temporary  campe,  they  occupy  teou  lo' 
huu.  The  same  sanitary  con.-iider:itii>i).4  apply  equally  well  to  botli,l>it 
choice  of  locution  of  temporary  campe  lu  lime  of  war  ie  coaunoolf  <!>■ 
tercnined  by  immediate  and  atrate^cal  coo-iiderationii.  Both  ntort  bt 
laid  out  iu  such  u  mitnncr  as  to  initurc  proper  air  supply,  cleaatisoi, 
and  ^ncral  salubrity  and  should  be  as  oooipact  as  in  oomisteBl  nl^ 
the  priovijilw  <>(  hygiene,  for  a  compact  camp  U  more  raaily  cared  hi 
and  defended,  while  one  unnecessarily  extended  involves  increased  bbtt, 
alower  delivery  of  orders  and  nupplie»,  and  greater  difficulties  is  lUf- 
tary  policing;.  With  the  tactical  and  strah^ical  reqniremeals  laJ 
general  plan,  which  la  a  matter  of  rrgutatinn,  tht?  bygieiiist  lias  ootlf 
ing  lo  do,  and  hi»  interest  lira  only  in  the  distances  between  (fiffenal 
bodies  of  men,  the  ^ize  of  company  area.*),  the  oubio  space  )>er  maa,  iIk 
proper  location  of  Kiiikit,  latrine*,  nad  urinals,  the  measures  adopud  fiM 
sur&ce  dntiua^,  di-^pusal  of  sewage,  garbage  and  stable  manurr,  tk 
water  supply,  aitd  other  mattun  having  a  bearing  on  the  healtli  of  >k 
lri)ui>s. 

'  II  «UI  be  nnticvd  ibal  llie  dnt  uhI  liith  oolanuu  ia  not  add  up  accordM^n^ 
looJ*  ei  [wumd.  The  Utlcr,  boircTer,  baing  Mtd  in  tb*  Uibia  betoir,  an  Rttim  ^ 
ehaniod. 


Bcnl  pUn  of  ft  cninp  i^  nIiowd  in  Fig.  Hft,  taken  from  the  In- 

11  Rc^ulatiou  and  amended  in  the   luatU'r  of  dw  I  nil  <*(•:*  and 

itvaU  bj  Dr.  P.  O.  Harri:*,  U.  S.  A.,'  since  no  distances  and  intcr- 
laregiveo  iu  tlie  regulaiion,  for  tbcv  must  viiry  uccurdiiig  to  the 
an  of  the  ground  and  the  strength  of  the  oommaiid.     The  plan  U 
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PUd  •fMiBp  (radueed  » IbU  Mit1«  AfU  (%«t  lo  lb«  llt«li  no  l«agw  (iiKlic*!. 


"on  a  basis  of  .'1  men  to  a  common  tent  or  lO  to  a  coniiml  wall 
i;  ih*-  ninximiini  alion-aiii.v  of  tcntage  is  (i  men  to  a  common  tent 

'20  ti>  a  Clinical  wall." 
IH«t. — One  of  the  mail  important  matters  connected  with  military 

EC  i»  the  seleciion  of  a  proper  i^ile  lor  ciimps.     Kveryihiiig  bour- 
•Ouayot  InKtruction.  R»pr!m,  Ruiftlo^  Dec.  14,  1898. 
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infc  on  (he  licnlth  of  tlMse  who  nre  tn  occupy  the  camp  mi)»t  be 
»itli>n3ti  inaportant,  and  every  eBTort  eIioqM  lie  made  to  eusure,  so  i 
it  U  poesibk',  thai  Ui«t«  U  no  |Miint  of  Iea«t  resigtanoe  it)  tlw;  biirn«rs 
against  disease.     If  an  unhealthy  site  is  choseo,  no  amount  of  care 
ward  off,  tlioiigh  it  may  check  the  extent  of,  evil  ooii!»equ«ac«8. 
active  warfare,  choice  of  site:-  it  not  alwiiyii  a  wide  one,  and  conveuici 
nn<l  nwftwiity  play  a  greater  part  tlian  aanilary  coRRideration.     AV! 
practicable,  they  sliould  he  placed  on  \i\^\  wdi-dniineil  f^ruuiM). 

Proximity  to  ivatcr  is  alvray»  necessary  and  this  may  involve  ex- 
potiure  to  iitulurini  iiifcclioit,  but  other  iJiings  bciiifr  equal,  tltc  driest 
site  should  be  selected.  Wliere  tlie  choice  is  restricted,  advantw;? 
shoiilil  be  taken,  in  onld  weather,  of  any  available  protection  from  u-ioifa, 
and  in  hot  climates,  frum  the  btiniing  sun.  The  general  alope  of  tb 
ground  should  be  oooaidered,  ao  that  the  surface  drainage  may  be 
provided  for. 

The  soil  should  be  dry  and  porous ;  clay  and  other  soils  of  low 
nieabiltty  to  uiruml  moisture,  but  with  the  \**^\  retcntt%'c  jwwerfortbt 
latter,  should,  if  possible,  be  avoided.  If  the  ground-water  level  is  hi| 
it  sliotild  be  lowered  by  tile  draining  or  ditching,  in  ca»e  tliecanipit 
be  one  of  permanence.  A  clay  soil  or  »  soil  underlaid  at  a  Ehort 
lanee  by  a  clay  soil  \*  enmmonly  regarded  as  the  worst  possible  site 
a  camp,  since  it  is  retentive  of  water  and  is  cold  and  causes  the 
sphere  inimediati'ly  alnive  to  be  damp.  Old  river  bottoms,  deep  sUn- 
vium,  and  marehy  ground  should  be  avoided.  Grass  land  may  U 
commonly  accepted  as  good  eaiuping  ground,  but  ground  covered  mik 
rank  vegetation,  as  in  the  tropics,  is  not  noecptabic,  because  soek  i 
generally  rich  in  decaying  organic  matter,  and  the  presence  of 
vegetation  is  in  itself  cvidenoc  cither  of  a  very  humid  atmosphere  or 
of  an  undesirable  degree  of  soil  moisture.  Lands  subject  to  pcriofficti 
flooding,  es{>vcially  by  jwlt  water,  should  be  avoided  a»  unlicallliy. 

Above  all,  it  shoilld  be  a  nile  to  B\'oid  old  camp  grounds,  for  the* 
an;  usually  lefl  in  n  lilthy  condition  by  the  previous  occupants  ami  lb* 
soil  is  alwnys  extensively  contaminut<^tl  and,  perhaps,  infected.  If  lO 
old  camp  site  is  particularly  desirable  on  account  of  the  acces«bililt 
of  wood,  ivotcr  and  grass  (the  three  essentials  demanded  by  the  lif 
officer),  a  position  to  windward  and  as  near  as  b  consistent  with  ^V 
gicnic  ooii^idcniiions  may  Ik*  self'Cled. 

Dr^'oess  of  the  site  and  vicinity  is  of  prime  importance  in  its  bcsr- 
ing  on  the  hnilth  of  troops,  but  too  great  dn^'ness  with  moch  dusi  u 
hurtful  to  the  eyes.  A  position  on  tl>e  side  of  a  hill  is  wanner  tbia 
OIK  at  the  top  and  drier  titan  one  at  the  bottom,  and  is  favorably  situ- 
ated as  regards  that  roost  csseuliul  provision  iu  camp  tanititiaa, 
drainage. 

Barracks. — Barracks  are  permanent  structure*  for  the  lodgtneol  of 
soldiers  and  are  commonly  built  of  one  or  two  stoiiea,  bnt  out  taott. 
Each  building  of  a  group  nhould  be  completely  indi-]>endent  of  die 
others  and  placed  with  reference  to  prevailing  winds  and  exponiie  to 
the  sun.     It  ia  easentinl  that  the  »ite  he  dr^-,  tlie  foundation  ^^ 
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Idly  laid,  the  walk,  of  whatever  mntcrini  constnirted,  dry  and  pro- 
againsl  capillary  moir^tiire,  the  floors,  of  hard  wood,  tightly  laid, 
th«  vcQtilutiou  etlidcnt.  Biirnwrk  rooni»,  wliicli  ar*  thfi  soldiers' 
rooms  as  well  as  sleepiug  ((uarters,  are  generally  made  long  and 
w  aud  ew;li  occupant  \\m  floor  Mpace  and  air  »jmce  according  to 
regulations  obtaining  in  the  country  which  he  serves.  In  tlii» 
coiinlrv,  fiOO  cubie  fei>l  of  air  space  piT  man  is  reckonnd  adequate,  and 
this,  in  a  room  12  feet  from  floor  to  oeiliug,  gives  u  floor  epuce  of  50 
aquare  feet. 

Oavalry  and  artillerymen  are  given  somewhat  more,  ou  Recount  of  the 
edoTB  whieb  cling  to  them  from  contact  with  horgefi.  A  less  amount  is 
■llowed  when  triwp*  are  quartered  in  ordinary  du'clliiigx.  At  Southern 
poets,  800  cabic  feet  of  air-spaw?  and  70  square  feet  of  floor-spaee  are 
tlloweti.  In  Knglnnd,  the  allowiuicei<  are  the  same  aa  with  us  for  in- 
fantrymen it)  the  North  ;in  India,  they  are  from  1,500  cubic  feet  and  75 
■qonre  f«ct  to  double  thoAe  liraitM.  In  France,  the  cubic  apace  allowed 
is  420  cubic  feet  for  infantrj*  and  500  for  (^uvulry.  In  Germany,  it  Is 
600  cubic  feet. 

The  wash  rooms,  urinals,  aud  latrines  should  be  placed  with  du« 
f^ard  to  convenience  and  to  general  hygienic  considerations. 

Vcnlilntii>n  should  be  naremlly  jilaum^d  with  a  view  to  the  greatest 
nnnihli  reduction  of  the  natural  impurities  due  to  occupancy,  but  witb 
Ibo  prcMHt  cubie  8paee  allowance,  whatever  the  system  employed,  ideal 
l«Balt«  cannot  be  attained.  Barrack  life  is  necessarily  one  of  over- 
erowding,  but  the  conditions  which  nowobtainarefarand  away  superior 
to  th<*se  which  formerly  prevaile<l.  The  evils  of  overcrowding  of  »ol- 
iJiers  were  first  brought  to  light  by  an  investigation  of  the  health  of 
British  ftoliliers  in  1 8 ')8.  It  wits  dliown  that,  wliertjas  the  mortality 
i»te  of  the  population  of  England  and  Walea  of  the  same  age  as  the 
artnv  was  9,2  for  town  and  oountrv  and  7.7  for  countrv  alone,  and 
12. -I  for  the  most  unhealthy  town  (Manchester),  that  of  the  diflerent 
srm--'  of  the  wrviei!  ranged  from  11  for  the  household  oavalry  to  20.4 
tor  the  footffiiards.  According  to  age  periods,  the  mortality  was  dis- 
tributed aa  followa : 

AcM  ao  v>  ai.    OtIHwm. _^  — -.. _ _....  8.4 

Suldien.- IT.O 

AgM  25  Id  30.     aviliuu. 9.2 

Soldim. 18.8 

AiTM  ao  to  38.    CivUinut. lO.S 

Solilitn. 18.4 

Ago*  35  to  4a     TivilinnM. » 11.8 

Soldicrt „ 19.8 


I  Sine«  the  soldieis  were  picked  men,  all  applicants  with  any  e\'idence 

^weakness  or  tondeucy  lo  disease  beiu);  rejected,  these  data  indicated 

>ti9  condition  of  a^rs.     Comparison  was  tnitde  with  the  rates  oh- 

ling  among  tlie  cla-<s  of  agricidtural  laborers,  their  work,  like  that  of 

«oldiers,  being  mainly  out  of  doore.     It  would  be  expected  that  tite 

er,  being  well  clothed,  housed,  and  fed,  and  given  free  medical  cnre, 
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woald  present  the  better  ebowiag;,  but  sueli  proved  not  to  be  ibe  case, 
for  the  mortality  of  ihe  Uihorer  being  expreeaed  as  I ,  that  of  the  bouae- 
faold  cnvnlry  was  1.8,  druKDonfi  *2.2,  infniitnr'  of  ihc  line  2.9,  nod  foot- 
guarda  ^."A.  Coni^iariiion  with  men  in  oilier  occupations  showed  that 
the  soldieni  prwtntcd  the  most  nnfuvomble  HtAtii*tics. 

Inquiry  aa  to  the  oansc  revealed  that,  whereas  unong  dviliaiis  at  the 
loldiers'  «ge«  the  ileulhe  from  <lii<uuw)<  of  tlie  lungs  vfere  6,3  prr  1,000, 
they  were  i.S,  10,2,  and  13.8  respectively  for  the  cavjilry,  lofKUtry  of 
tiie  line,  and  gimrdx,  mid,  furliierniom,  that  of  th«  entire  niiinbi;r  of 
deatiis  from  nil  causes  in  the  army,  the  proportion  due  to  lung  dtaeaaw 
amounted  to  h^.Q,  /i7..t,  and  67.7  per  eeiit.  respectively  id  the  anus 
above  mentioned.  Finally,  byexcltifiion,t]icciiuM.>  of  tliis  great  mortally 
was  attributed  to  ovi>rcri>w<]iiig  and  lack  of  ventiUtioD.  ComparifQll 
of  \\w-  niortnlity  of  the  iirmy  at  homo  with  thnl  of  tlie  troopt  quartcfcd 
before  Sebastopol  in  ls.')i;  was  much  in  favor  of  the  latter.  The  rates, 
rcckoiiul  ]>er  annum,  were  as  folluvrs:  Before  8cba«to[tol,  tnrluding 
deatJis  by  violence  and  accident,  12.5 ;  at  home,  17.9  (in&Dtrr),  and 
20.4  (guard.*). 

Incretiso  in  space  allowance  was  suun  followed  by  a  marked  decrease 
in  phthisis  mortality. 

Tenti. — In  the  United  States  Army,  four  kind«  of  tents  are  used.  1. 
The  conical,  or  modified  Sibley,  tent.  This  is  10  feet  5  inches  in  di- 
ameter at  the  base;  wall,  3  fct^'t  high;  apex,  lOfevtfroDi  the  flour; 
the  area  of  the  floor  equals  212  square  feet ;  the  air  space,  1,450  cubic 
feet;  allownncH^,  20  in&ntry  or  17  cavalry.  Tlie  original  Sibley  tent 
had  a  diameter  of  18  feet  at  the  base  and  was  13  feet  high.  The  apex 
was  cut  oir,  thus  giving  place  to  a  circular  aperture  whieh,  Ix'ing  left 
open  in  fair  weuthcr,  promoted  ventilation.  In  foul  watber,  it  was 
covered.  The  allowance  was  the  sume,  2.  Common  tent,  "  I "  or 
modified  "  A."  Wall,  2  feet  high  ;  base,  8  feet  4  ihchra  by  6  fert  10 
inches ;  ridge,  6  feet  10  inches  from  the  ground ;  floor  space,  57  square 
feet ;  air  npace,  250  cubic  feet ;  alluwtince,  4  mounted  or  6  infantry. 
3.  Wall  tent.  Wall,  3  feet  9  inches;  floor,  a  aquare  feet;  ridgv, 
8  feet  6  inches  above  the  ground;  fluor  :<pac%,  81  >tquare  feet;  air 
apace,  500  cubic  feet ;  covered  by  fly  or  falee  roof.  4.  Shelter  tent. 
These  are  issued  to  troops  in  the  field  aud  are  not  regardeil  ns  tent 
allowatice,  but  arc  provided  in  order  that  men  and  officers  in  bivouac 
while  on  active  campaign  or  on  the  march  with  deficient  means  of 
tnuHporfiitliin  inny  lie  ulielteri'd.  One  fiirnw  ii  shelter  for  two  men, 
each  of  whom  carries  his  half,  which  weighs  aliout  two  and  a-half  pounds. 
The  pieces  are  joiin-d  together  by  buttons  and  put  over  a  ridpj  pole, 
whieh  is  supported  by  uprights  about  4  feet  high.  The  corncm  are 
fastened  to  pegs  driven  into  tlie  ground,  and  the  upright*  are  steadied 
by  gtiy  lint*. 

Hospital  tents  are  wall  tents  of  a  larger  faxe  aud  capable  of  being 
open  at  each  end  ;  m^veml  may  be  t]irown  together  so  as  to  make  a 
continuous  whole.  They  are  14x15  with  a  4}-fbotwall;  ridge,  13 
feel  from  tlie  ground. 
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English  army  Qsea  the  circular,  or  bell,  tent.  Diameter  at  base, 
12  feet  6  inclin* ;  wnlt^,  I  foot ;  aiK-x,  10  ffct ;  floor  space,  123  square 
ket ;  nir  span-,  492  cubic  feet ;  allowance,  12  to  li>  men  and  in  war 
18  and  20.  FornH-rly,  the  veutiliitiuii  waa  practiciil ly  nil,  hut  now  it 
bas  bct-n  somcwliat  inipmveO.  The  French  army  uees  a  (similar  tent, 
ventilated  at  the  top.  The  air  »pneu  i»  1 ,0-'ii)  c.ah'tc.  feet ;  allowance, 
16  men.  The  GirmaDs  usv  ii  conical  tent  like  the  En)r]isli  bell  tent. 
SioDieter,  under  l.i  feet ;  apex,  12  feet  from  the  ground  ;  floor  space, 
180  •C[uan>  ft*l ;  air  »p«cc,  1,050  cubic  feet;  ullowauw,  15  men. 
They  use  also  small  bivouac  teuta  designed  to  shelter  two  or  more  men. 
Tbe  difterent  parfcj  are  distributed  umong  »ad  carried  by  the  men  who 
an  to  use  tbcRi. 

It  will  be  observed  that,  of  the  four  armies  mentioned,  ours  is  the 
^mt  liiicrul  in  point  of  air  space,  the  minimum  allowance  in  the  lai^^cr 
^^■Ub  being  72}  cubic  feet,  againitl  a  mnximnm  of  41  in  the  Eugliah 
^■rx'icv,  (Hi  in  the  Fpcneh,  an<i  70  in  the  German  ncrvice. 

Tbe  material  of  which  tents  are  made  is  cotton  duck,  which  has 
prv>vcHi  to  be  muf^b  belter  for  slichliti):;  wiitcr  lii.iii  linen.  Compani- 
tively  little  ventilation  can  occur  through  this  material  under  the  best 
of  circuRiatancefl,  and  none  at  all  when  it  ts  wet  by  rain,  for  tJien  it  is 
impcrx'iou"  to  air.  Ventilation  of  tents  is  always  defective,  and  com- 
luonly  the  atmosphere  beeomes  exoei-dingly  fnul.  Simve  there  is  so 
UttJe  vi-iilihilion,  it  in  neceessiry  tbnt  the  sides  should  be  kept  raised 
during  the  day,  in  order  that  thorough  airing,  and,  if  possible,  sunning, 
D»r  oeonr ;  and  at  nif;)it,  when  practit^able,  the  sides  should  be  open  to 
Jeeward,  and  more,  if  advisable. 

Dr.  toward  L.  Munnon,  U.  8.  A.,'  has  sn^^sted  improvements  in 
Ibe  reigular  tcntagc,  and  especially  in  the  hospital  tents,  for  service  in 
«ur  new  tropical  poAsesstons,  .tince  the  ^veral  formH  in  use,  though 
well  atlajttcu  to  our  climatic  conditions,  arc  intensely  tiot  and  close  in 
tile  high  temperatures  and  humid  atmosphere  that  there  obtain.  He 
|iropo«e9i  cnliii^infj  tbe  tent  fly  of  the  hospital  tent  two  feet  in  length 
and  four  in  width,  and  that  it  be  raised  upon  a  light  false  ridge, 
ibur  feci  longer  than  ihc  true  ridge  and  projecting  two  feet  to  the 
4Wxit  and  rear.  Further,  be  jiroposcs  that  the  canvas  forming  the  top 
^>f  the  te-nt  be  cut  out  for  a  si«ice  two  feet  wide  on  each  side  of  tlie 
■idee  and  running  the  entire  length  of  the  tent,  except  one  foot,  front 
VDO  rear,  the  canvas  thus  removed  being  rejilaced  by  heavy  rope  net- 
lit^  with  a  two-incli  m(«h. 

fn  order  better  to  reflect  the  heat  rays,  (he  fly  should  be  made  of 

~  bite  eanva:),  the  tent  if^lf  l>eiiig  of  diirk  eanvnj4,  with  a  view  to  sub- 

liog  (he  light  in  tbe  interior.      An   experimenlHl  tent,  made  under 

(lern  of  thi>  Siirgi-on-General,  was  pilehed  within  a  few  feet  of  a  rcg- 

Kr  boepital  lent  and  a  regular  conicid  wall  tent  fur  purposes  of  oom- 
itrm.  Therraometrie  observations  showed  an  average  diflerenoe  of 
in  lavor  of  the  improved  tent,  which  was  never  lorn  thun  4.5'^  cooler, 


IT«BtM^  for  Tro|nail  Serrice,  BwtuD  Mv>]ii.-»1  iikI  8ur|;it.'ul  Jounial,  Sat.  16,  1S99, 
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twioc  wa»  8.6°,  and  onoc  10,5°  cooler  Uinn  lii*  rt^lar  hn«iMlftI  t«it. 
Compared  with  the  conical  wull  tent, tli«t4?Diporaltirt!rang«il  9.5  tu  18.5° 
lower  in  the  improved  tent,  wliicli  difTerenoe  "  meau»i  in  the  tropi«s 
all  the  dilTcrcncc  bt'twi-en  oomfurt  and  distress  for  the  well  uml  BUcb 
relief  from  great  and  depressing  heat  aa  would  do  macb  to  bring  abnat 
rocover}-  in  tlic  «ick."  Tliv  i-xperinivntnl  tent  deinonittrat«^  that  no  iPnl 
ahonld  be  issued  for  use  in  the  tropics  without  the  protection  aflbrdtd 
by  II  fly.  Tin;  U.  S.  A.  Bourd  of  I-^piipnient  promptly  adopted  the  um 
of  the  improved  hospital  tent. 

I)r.  Mylcit  Suuidish,  \1.  V.  M.,'  ttrst  ealled  attention  to  tlic  jnlenae 
whit«  glure  to  which  the  oocujmnt  of  the  hoapilal  tont  is  stilycct(>d  from 
the  covering  above  hiti  head  and  which  must  be  a  iwurce  of  actttal 
injury  to  cyi-s  alrt-ady  in  n  patliohi^fical  condition.  Kt-a'wninp  from 
general  laws,  he  recommends  a  pale  blue  or  an  olive  greea  as  the  .«afett 
color. 

In  India,  the  British  use  a  tent  with  a  double  fly,  baving  an  air 
space  of  2,!}73  cubic  feet  and  aooommo<)ating  1 6  healthy  or  S  nick  men, 
which  gives  a  far  greater  allowanci?  of  »{uic(.-  than  in  the  liquid  service. 
For  field  3er\'ice,  tents  of  tJS(j  cubic  feet  capacity,  acoommiMhitiug  16 
British  or  i!0  native  soldicnt,  and  sninller  onw  of  302  cubic  fcvt  capae- 
ity,  accommodating  8  British  or  10  native  soldiers,  are  in  use. 

Tents  are  best  arrungi-d  in  short  single  liue«,  the  indivitlual  tents 
being  distant  from  each  other  at  least  once  and  a-balf  the  tent's  diam- 
eter ;  the  intervals  are  not  lixwl  by  n^j^uhition.  If  possible,  thar 
bIiouM  face  the  east,  so  that  when  tlie  day  is  ad\-anocd,  the  soutbem 
wall  may  be  liflvd  so  lu  to  admit  the  sun's  ray.<)  to  the  whole  of  the  in* 
tenor.     Each  tent  should  be  ditched  at  soon  as  it  is  placed  id  poeitioa. 

The  tent  ditch  should  he  O  inches  wide  and  4  deep  and  must  con- 
nect with  the  comjHiny  ditches  nn<l  tiiesc  in  turn  witb  each  other, 
forming  a  complete  system  of  surface  drainage.  All  surface  drainage 
from  higher  ground  must  be  prevented  by  being  iot«roepl«d  uJ 
turned  aside. 

The  flixif  iif  the  tent  should  never  be  lowered  by  excavating,  for 
men  should  sleep  above  the  level  of  tin'  ground  and  never  belovr  it. 
If  tlie  toil  iH  not  quite  clean  and  Brm,  it  should  be  dug  out  to  the 
depth  of  about  a  foot  and  replaced  by  dean  gravel  or  sand,  if  such  ia 
obtainable,  and  then  covered  with  boards.  Elevated  platform*  ant 
emitii-ntly  (Ici'irable,  and  tents  not  mo  providwl  fhoiiM  Iw  moved  every 
week  to  the  open  spaces  between,  so  that  the  sun  may  exert  its  purify- 
ing influence  and,  togetlicr  with  fresh  air,  may  put  the  vanttcd  Aim 
again  in  a  ooudition  for  occupancy.  The  floors  of  the  tents  should, 
when  poHsible,  be  covered  with  loose  board.^  if  these  are  oJitainable, 
and  occasionally  the  surface  of  the  soil  should  be  scraped  and  rcplaoed 
with  clciin  gravel  or  sand.  In  malarial  and  yellow  fever  di<«triata, 
nettings  to  exclude  mosquitoes,  espodolly  at  night,  and  individual 
netting  on  tight  frame-work  for  the  protection  of  the  head,  tlie  otber 

■  Color  the  Cnnvna  of  Hmpilnl  Tents.  Itcpriol,  Tnumctioms  6S  the  AamduIoB  <t 
UiUtu?  &urx«otM  of  tiM  Cnitvd  SMi«s  1S96. 
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>f  l!ii;  body  Ufing  |)ri>teptpd  by  clothing,  will  be  found  to  have 
fnat   influence  in  checking  infection. 

HaU — During  wltl  weather,  wooden  huts  are  much  better  adapted 
for  occupation  than  t«ute,  and  have  »>mir  into  i^xlensivt!  use  in  the 
German,  French,  and  English  arraiea,  both  in  war  and  in  time  of 
p«op.  The  UM  of  log  ciibiris  is  mlvocatod  hy  (Vil.  Charles  Smart, 
M.D.,  U.  S.  A.,  to  house  4  men  apiece.  The  inside  dimensions  given 
tn  1 3  X  "  feet ;  walls,  6  fert ;  ritlge,  1 0  feet  from  the  fli>or  ;  the  door  to 
open  in  the  middle  of  one  side  ;  thi?  chimney  uppoi^itc  the  door  out- 
nde  the  wall;  th«  roof  cont«istft  of  canvas  14x  12  feet,  with  a  larger 
Ir.  This  is  reg3rdi?d  aa  the  best  siw*  and  allmviince.  l>tit  tlie  present 
Ucticf  reijuin?  siirmdii  of  8  for  whom,  according  to  Woodhuli,  "  there 
ibould  be  two  hiita  S  x  1 1  feet  end  u>  end,  (!  feet  n[tart,  with  one  cou- 
traooos  roof  and  door  in  the  adjacent  em\s,  but  not  midway.  The 
chimney  should  be  in  the  middle  of  one  long  end.  Two  platforms 
iBch  6)x4i,  one  lengthwise  and  one  across  the  end,  would  accommo- 
date two  men,  I'.wh  sleeping  with  their  heads  adjacent.  The  covered 
porcfa  between  the  huts  would  be  (txd  feet  in  the  clear,  the  sleeping 
ptatliirm  he  open  lioneath,  and  under  no  pretence  should  two-.storied 
bunkq  be  allowed."  On  damp  sit^^s,  the  wall^  should  be  rtti>«cd  n  foot 
from  the  anrface,  but  on  dry  soil,  they  may  be  built  directly  on  the 
grounil  level,  the  soil  well  ]ioundetl  down,  eoverwl  with  sand  and 
gravel  and  concreted. 

The  floor  of  the  hnts  ralsetl  from  tiie  ground  is  l>e.st  made  of  split  or 
dressed  logs.  The  canvas  roof  and  Ry  are  attached  in  such  a  way  that 
thf-Y  can  be  rt'-udily  renmved  when  it  is  denired  to  admit  the  sun  to 
tbe  interior.  Portable  huts  may  Iw.-  furnitihiHl,  having  frames  of  wood 
or  iron.  The  German  huts  are  made  with  wooden  or  iron  frames 
ooverwl  with  felt  and  lined  with  eunvas.  They  are  easily  ventilated 
sad  warmed.  The  French  huts  are  made  circular  in  shape  ;  the  walla 
am  of  l"i.ird-'"  with  gin**  windows.  Thevnrr  wisily  ventilaled  luid  healed. 
The  huts  should  be  at  least  10  feet  apart  at  the  ends  and  the  inter- 
ayoe*  should  be  carefully  protected  from  [tollutinn. 

Wat«T  Sapply. — It  goes  without  saying,  that  one  of  the  first  consid- 
CffBtions  in  the  e.Htablishment  of  a  permanent  camp  is  an  adetjuate  sup- 
ply of  pot.iblp  wat^T.  which  subject  is  elsewhere  presentwi.  It  is  eus- 
tomary  to  allow  at  least  live  gidlons  [ler  capita  per  diem  for  all  purpo.ws, 
•nd  nii  mudi  more  ajt  io  pnw^tioable.  Water-closets  and  baths  require, 
BsUirally,  a  very  generous  allowance.  Hospitals  require  much  more 
otpiia  that!  Inrraeks.  For  horses,  from  5  to  10  gallons  f>er  diem 
re'^iiired.  In  general,  it  may  \ie  said  that  the  more  generous  the 
pply,  the  greater  the  general  cle-aidiuess  and  effwlency. 
In  temporary  camps,  the  supply,  both  as  to  quality  and  quantity,  is 
termined  by  natural  conditioas  and  must  be  taken  as  it  is  found, 
parificatioii  of  that  intended  for  drinking  appears  to  be  necessary, 
K  methods  mentioned  in  the  consideration  of  the  sutyect  of  water 
ipplies  may  be  adopted  aeeording  to  availability.  The  simplest  are 
itlir^  and  the  application  of  alum,  with  subsequent  filtration,  if  possi- 
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bli.>,  tliroiigh  sand  held  iu  suitable  receptacles  sooh  as  half  bnrrcia  with 
perforalioiiH  through  tlicir  ttottoms.  TIk-  «(>-cu11u1  "mechuuical  fil- 
terri,"  so  much  uhM  in  the  purification  of  public  water  nupplict,  are 
more  vlTicifnt  imd  cotivvuivut.  Kx]H>rt4-ii<'i>  hiix  stiowD  that  no  mal^ 
ter  how  urgent  the  necesBity  for  care  in  the  avoidance  of  pollution  of 
water,  it  i»  always  diHicnlt  to  prevent  ftonie  of  tJw  im-n  from  rocklcM- 
ness  in  drinking.  Tlie  openLtioii  of  purification  ehotild  be  in  the  im- 
mtKliute  charge  of  a  non-coiMiui^ntinned  oflicer,  properly  inntnictcd  and 
with  a  Buitable  detail. 

Sewerage. — Tlie  introdiirlion  of  an  abundant  wat^r  supply  in  a 
eamp  is,  of  ooiirsc,  folluwcd  by  more  or  \v*»  liivieh  uite  of  water  for  all 
general  puriwses,  and  Ihia  necetuitatee  a  system  of  sewerage  fur  carry- 
ing <>n'  liipiiil  waste  mid  hiimnn  ex^TCta.  Camp  aewera  should  be  oon- 
BtriictLti  iu  a  proper  manner  of  bricks  or  drain  pipe  and  never  of  woud. 
The  method  of  final  di.'!ii>osiiI  of  the  sewage  at  the  outfall  will  depend 
upon  individual  circumstaucee.  All  permanent  camps  should  be  prop- 
eily  sewere<l. 

In  ease  of  outbreaks  of  typhoid  fever,  yellow  fever,  or  cholera  or 
other  disenaes  of  the  same  general  clans,  ilie  excretJi  should  W  diitn- 
fi^cted  before  bi-ing  ollicrwise  disjiofUHl  of.  In  army  practice,  chloride 
of  lime  4  per  cent,  and  carbolic  acid  o  per  cent,  are  commonly  need 
with  weaker  itolutiun  of  ciirbolic  «cid  and  cornwive  eublimatc  1—1,000 
for  washing  floors  and  articles  of  furniture  or  tor  soaking  soiled  clotbea. 
Milk  ofliaie  is  highly  to  be  recnmimmdi'd  for  excreta,  ao  is  al»o  for- 
mnldehyde  solution,  if  it  can  be  obtained.  The  Atanual  for  the  Medical 
Department  says  on  this  |>otnt :  "Sulphate  of  iron  at>d  other  cheap 
antiseptics  and  di^idonmtH  may  be  used  when  nec«seanr.  Bttt  tbe 
necessity  for  their  use  is  a  reproach  upon  the  sanitary  pollc«  of  a 
\Y>^{  and  should  only  be  ri^piiri'd  under  exceptional  circumstanceK 
The  alviuu  discharges  of  healthy  persons  do  not  recjnire  disioleo- 
tiou,  and  when  properly  dispfwed  of,  do  not  require  treatment  with  any 
cliemiail  agent  whatever.  If  water-closets  or  earth-closets  are  offen- 
sive, this  is  due  to  faulty  construction,  t4)  iuMifficient  supply  of  wnler 
or  dry  earth,  or  to  negU-<rt  of  ordinar}*  cleanlinefis.  The  attempt  lo 
remedy  such  defects  by  the  systematic  use  of  antiseptioa  \»  ex|>enFivc 
and  nnsatisfaotory  in  its  results.  The  snme  is  true  of  foul  drains,  b*d 
smelling  urinals,  oocumultitions  of  garbage,  etc.  The  proper  reiitedy 
for  such  conditions  is  cleanliness  and  strict  annitiiry  police." 

When  there  is  reason  to  believe  that  any  infectious  diseases  are  pres- 
ent in  camps,  the  latrines  and  cestipool.i  should  be  disinfected  with  milk 
of  lime  to  theextontof  one  twentieth  of  thetr  contents,  to  which  should 
be  added  every  day  an  amount  equal  to  at  least  a  tenth  of  llie  doily 
addition  of  excrement.  HuHpital  si-wiige  is  dangerous  enough  to 
warrant  treatment  on  the  spot  with  disinfectants. 

In  the  absence  of  a  rt^dar  nyi^tem  of  scwemgc,  Surgeon-Generml 
Sternberg  n>eoromends  cylindrical  galvanized  iron  vessels  lA  iocbea  in 
depth  at>d  diameter,  with  a  trough  around  the  up]>er  end  three  iudin 
deep  filled  with  disiufectant.     Into  this,  the  cover  fits  and  thus  serve* 
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as  «  valve  and  prcveoto  the  Mcapc  of  foul  odont  aii<)  the  ontraiicG  of 
Km.  a  n^M.'wnd  cover  with  a  hole  serves  aa  a  aeat.  The  receptacle  in 
to  be  partly  filled  with  carbolic  wjliitioii  or  tlio  «oiit*'nlj*  are  to  hv  treated 
wiiJi  CMUsiic  lime  or  asbee  or  dry  earth.  These  vessels  should  be  re- 
novcd  at  regular  times  and  clean  ones  tthoiild  be  8iibHtitiitoil  while 
tliev  ar«'  removed,  emptittl,  and  cleaned. 

Sinks  and  Latrines. — A  mnk,  in  military  jtarlanee,  is  a  cesspool  or 
privy  vault  in  a  temporary  camp  ;  iisually,  a  trench  from  twelve  to 
Bflecn  feet  in  length,  about  two  feet  in  width  and  eight  in  depth,  with 
the  earth,  which  ha«  Ix-cn  thrown  up,  piled  itlung  one  side.  The  reoui- 
«lc  number  should  be  dug  before  a  camp  is  occupied  or  as  (jiiickly 
thereafter  as  powiblc.  Tliiry  '•hnuld  bo  plawd  to  Iccwiinl,  or  in  Buoii 
position  that  the  prevailing  winds  shall  uot  convey  the  odor  therefrom 
over  the  company  aiwi«,  and  should  never  be  pliieed  near  existiuf^ 
welU.  They  should  not  be  placed  any  farther  away  from  the  men's 
qoarten  tlian  iilwoluU-ly  neoessary.  For  eonvenience  of  use,  a  strong 
pole  is  laid  horizontally  oti  upright  forks  at  the  proper  height  and  oa 
Uie  side  opjiosite  the  ejccavaied  earth.  The  latter,  kept  as  dry  a.% 
possible,  !a  thrown  back  each  day  over  the  <1e|iusitvd  excreta,  ofleti 
frith  caustic  lime,  chlorinated  lime,  or  ashes. 

Behring'  n-commeiuU,  in  case  of  necessity,  from  h  to  7.5  liters  of 
milk  of  lime  for  each  '250  men;  Pfuhl' advises  400  cc,  per  man. 
The  addition  of  chlonnuI«d  lime  poss(-si4cs  a  double  advantage,  since 
it  not  only  acta  as  a  disinfectant,  but  serves  to  drive  away  flies,  which 
othcrwisu  coUeut  and  may  become  active  agents  in  the  spread  of  infeo- 
lioini  die<ease. 

Small  itink^  for  each  company  are  regarded  as  much  better  on  sev- 
en] accounts  than  one  or  more  largo  onua  for  «ich  regiment.  They 
olFord  greater  privacy  when  enclosed  with  brushwood  and  are  gener- 
ally better  looked  after,  since  the  rcxjionmbility  for  their  care  is  more 
dctiiiitely  fixed. 

When  filled  to  within  two  feci  of  the  surface,  the  remaining  earth 
should  be  thrown  in  and  rounded  over,  the  site  markitl,  and,  at  the 
same  time,  new  trenches  prepared.  On  breaking  camp,  all  sinks,  how- 
ever little  used,  should  be  filled  up  and  marked. 

Whvn  the  probable  stay  is  to  l»e  more  than  of  a  few  days'  duration,  the 
horizontal  poU'M  are  commonly  replaw-d  by  box  i«f«t:«,  open  at  the  back. 
Id  winter,  the  trenches  should  be  completely  covered  by  box  seats 
with  oovera;  hinging  of  the  top  or  r«-jir  side  will  be  necessary  for  the 
proper  throwing  in  of  the  excavated  earth. 

The  woni  httriue  '\n  commonly  u.'<ed  as  synonymous  with  tink.  It  is 
properly  defined  aa  "  a  privy  or  water-closet,  ci*pccially  in  trough  form 
aooommodating  several  at  the  same  time.'"  A  further  description  of 
a  latrine  is  elsewhere  given  (sec  page  621).  Latrines  are  more  com- 
DMiily  installed  in  barracks  or  permanent  camps.     They  require  fre- 

■  Zoiuchrift  (Or  llvtncn«,  IX.,  p-  395. 
MbiJwii,  VT..  p.  57. 
'StandHrd  Dictioouy. 


^^ 


616 


MlLiTABY  HTOISyB. 


quent  ftiMhing,  iT  connected  with  a  syKlem  of  sewerage,  and  frequent 
emp(yinK  nnd  dvansin^,  if  not  so  conneciM).  Tbe  t«cAU  atul  floors 
must  be  kept  thomughir  clean  by  periodical  wasliing  ;  twice  daily  it 
strongly  rcconimcndwl. 

Urinals  apart  from  sinks  and  latrines  are  inglalled  in  both  perm^ 
neiit  mid  UTiipornry  camps,  .inil  in  Imth  it  ii<  c^jst-niiiil  that  tiiey  be  of 
easy  act'eas  and  their  use  compelled  on  account  of  the  nuisance  arwng 
from  indiiH^ri minute  voiding  of  uriuv  on  the  ground  and  of  tbe  posi- 
bility  of  the  dissemination  of  typhoid  (ever  by  the  urine  of  Bmbula- 
tory  caiwA  of  thai  disease  and  nf  coavalesotaits  ibercfrom.  In  Iiad 
wenthcr  and  xt  night,  all  purU  of  n  camp,  and  cs|R-cinlly  llio  oim[aiiT 
areas,  are  liable  In  urinary  contamination,  which  lOiould  be  prevented 
IIS  far  UH  poiwibic  by  stringent  niles  and  constant  vigilance. 

Ingpectioiu. — Under  the  Army  Regulations,  an  annual  iDspcctioa  of 
tlic  l)iiililing«  at  every  pout  i*  ninde  by  the  cuninmii'ling  officer  nod 
quarlermaster  on  the  6rst  day  of  March,  and  immcdiutdy  aftcrwanl 
a  report  i>i  8iit>mitt«rd  giving  a  description  nnd  showing  the  condition 
and  capacity  of  each  building  and  the  chanicter  and  extent  of  may 
additions,  alteralionit,  nnd  rcpaim.  Sanitary  inspections  are  more  fre- 
quent and  more  searching  in  chursctcr.  The  surgeon  w  rei|uiT«d  to 
examine,  at  least  once  a  month,  and  note  in  the  medical  lii*itory  of  tlie 
post,  the  sanibiry  condition  of  all  public  buildiiigv,  the  dminage,  ww- 
erage,  amount  and  quality  of  vrater  supply,  clolbing  and  the  hnbits  of 
the  men,  and  chnmcter  and  cooking  of  the  food,  iiikI  immediately  afler 
such  examination  to  report  thereon  in  nTiting  to  the  commanding 
officer  with  such  rocommendalions  ii»  he  may  deem  proper.  Super- 
ficial inspection  is  not  enough,  for  everything  may  look  clean  cx(«r> 
nally  and  yet  the  general  condition  may  be  bad. 

The  condition  of  the  air  is  of  much  more  importuoce  during;  the 
sleeping  hours  than  during  the  day ;  therefore,  ventilation  should  bo 
inv<'.*iigiiU-il  nt  night.  Wall:*  nnd  floors  should  W  CArefnlly  ex- 
amined, especially  if  they  are  made  of  porous  material.  Walls  fotud 
to  be  conraminated  with  organic  filth  should  be  .tcraped  and  tfaen 
tlioroughly  whitewashed.  The  floors,  whether  of  barracks,  tents  or 
huts,  should  \ie  scrupulously  clean  and  dry  ;  the  be<lding  should  be 
free  from  dampness :  tin- spare  clothing  and  the  men  themwlvoi  and 
their  clothing  in  use  should  be  clean.  The  site  and  immediate  sur- 
roundingH  of  every  permanent  or  leniporury  structure  should  be  ex- 
amined with  particular  reference  to  the  drainage  and  general  cocdition 
of  the  soil. 

BuUtwy  Folleo. — Exceedingly  strict  sanitary  policing  is  ncoesniy  to 
keep  a  camp  in  a  healthy  condition.  The  re»]ioneibility  for  condition 
reutx  witli  tJic  commanding  officer,  but  is  shared  in  by  tbe  cooipMny 
officers,  who  must  look  after  their  quarters  and  men.  Under  the  title 
of  "  officer  of  (he  <lny,"  company  oomiriandcrB  wrve  in  turn,  e»ch  for  a 
day,  in  charge  of  general  sanitation,  and  each  is  responsible  to  his  com- 
manding officer  for  the  order  and  cleaulinera  of  the  camp  on  the  day 
of  his  service. 
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hu  htcxi  ilttmonKtmlcil  rcptuilctll  v  Unit  imtrnin^  or  inoxperience<] 
nldicrs  caUDot  be  dcpeiulofl  iipoa  for  thorough  cleaning  or  keeping 
lUt^  clean,  aod  unless  snnitnry  ]M>lice  be  very  strict,  a  clean  and 
(rerrwnv'  goo<l  natural  uitc  may  quickly  be  contaminated  and  made 
imbealtby.  Until  diacipline  is  well  established,  the  enforcement  of 
proiMT  Kimii.-try  rt'gulatious  \»  extremely  dillicult,  for  while  they  may 
be  moiit  carefully  formulated,  the  ueiwssar}-  orders  are  difficult  of  en- 
forcement. Kvv'ii  with  the  iifmo»t  care  ami  vigihiiiw,  t'oiitnminatiuu 
of  the  aite  is  only  a  question  of  time,  but  the  more  efficient  the  system, 
tiie  longer  ix  thai  time  deferred.  A  conip  In  wliicli  no  attention  is  paid 
to  cleanlinc»«  of  the  company  streets  and  to  habits  of  personal  eleanli- 
HM  is  sure  to  bo  an  unhealthy  one,  and  men  who  will  permit  Hucb 
eonditioDS  to  obtain  arc  commonly  bad  soldiers  in  every  sense  of  the 
«ord,  with  no  esprit  de  corpi,  slovenly  in  all  their  habits,  conspicu- 
ftusly  attentive  to  sick  call,  nnd  with  no  mpt^^t  for  themselves  or  tlicir 
tnperiors. 

In  such  s  camp,  the  development  of  epidemics  of  infectious  diseases, 
par1t<?iihirly  typhoid  fever,  is  only  a  question  of  time,  since  it  needs 
only  the  introduction  of  the  tt|H>eiRe  germ  and  favorable  opportunities 
Sir  ib*  disw'niinAtion.  Since  this  disease  is  endemic  in  all  jtarts  of  the 
countri-,  it  is  not  strange  that  among  large  mimbers  of  men  brought  in 
from  difTi-rent  quarters  there  should  l>c  one  or  more  earners  of  the  in- 
fection. In  any  camp  of  whatever  degn?e  of  efficiency  in  sanitary  po- 
lice, afdes8  such  rases  an-  n-cogniwd  at  once  and  their  excreta  com- 
pletcly  duinfccted  or  otherwise  disfmsed  of  so  that  no  danger  shall  be 
poMible  tbtTefroin,  the  site  is  likely  to  Iweomc  polluted  and  the  bacilli 
distributeil  through  the  usual  agencieji. 

One  of  the  lir>it  essejitjal.'t  of  maintaining  cleanliness  in  camp  is  good 
■orftee  drainage.  If  the  soil  in  damp,  the  t^itc  soon  becomi.'«  an 
expanse  of  mod,  owing  lo  the  constant  impress  of  hundreds  of  feet. 
Mnd  anisbi  in  the  eoiiservation  of  rrfuse  and  filth  whieh  it  envelopes 
and  masks,  and  bence  arises  the  necessity  for  efficient  and  thorough 
ditching  and  for  iilling  up  depreHsions  likely  to  retain  surface  water. 
The  usual  fiftlhways  and  sidcnitlks  should  be  made  as  dry  as  iiossiblo 
by  the  application  of  gravel  and  by  such  other  methods  as  are  appli- 
c*l)1e  to  each  individun)  (vue. 

All  refuse  of  whatsoever  kind  must  be  prevented  from  accumulating 
within  the  lines  ;  everything  must  be  pn^mptly  removed  and  diajMised 
of,  if  possible,  by  burning;.  Kitchen  refuse  sliould  be  dejxtsited  in 
covered  receptacles,  which  should  be  carried  away  twice  daily.  On  no 
account  should  it  be  left  exposed  on  the  gn.tun<i  or  elsewhere,  since  not 
oolv  does  it  speedily  develop  the  well-known  nauseous  odor  of  swill 
atti  tliuA  l>eeome  a  nnisiincc,  but  it  is  au  attraction  for  Hies,  which,  by 
their  investigation  of  all  sorts  of  filth  including  the  fsoal  disehai^s  in 
Ifae  sinks,  and  then  of  the  soldiers'  food  both  in  the  kitdien  and  at 
mesF,  have  ii^^in  an<l  again  proved  themselves  to  be  largely  responsi- 
ble for  the  spread  of  epidemic  diseosec),  aa  ivill  be  explained  more  in 
detAil  on  a  later  page. 
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The  fiiiikl  iliitpositinn  of  kitchen  refuse  18  often  n  probli^m  fw 
with  serious  ^litlicultics.  WhirD  poeaible  it  should  be  bunted  in  oae 
tliv  niiiiH-nriiK  form.'*  of  inniieratoTH  d«vi»e<]  for  itie  purjtose,  but  OD 
account  abould  it  be  spruid  out  iu  the  vicinity  of  the  upparatus  to  d  , 
If  it  be  advisable  to  buiy  aaj-  part  of  it,  at  whatever  aistaoce  below 
the  surface  it  is  (lepoitilod,  it  should  be  well  oovcnxl  with  clean  tartlu 
The  deeiK-r  it  ia  buiied,  the  longer  will  it  resist  complete  decompodtjoo. 

Stable  maourv  idiould  Ik;  nrmuvod  even-  day  and  d''iK»itcd  al  a 
BTifficieot  distance  and  in  such  a  location  as  to  ensure  that  it  shall  not 
be  a.  niiiMnoc  or  «  •oiirc«  of  danger  lo  the  water  supply.  Incombusti- 
ble harmleas  refuse  should  be  removed  out  of  eight  aud  not  allowed  to 
arwuniulale,  for  auyihiii}r  |in>iiioting  unlidineoa  of  Hp[>Ciiraucc  invites 
additional  untidiness  by  its  example. 

Considering  the  many  details  of  camp  police  aitd  the  tteoetsity  for 
oo5peiBtion  on  the  part  of  every  man,  it  ts  Dot  etnujfrn  that,  in  our  tv 
cent  war  with  Spain,  tlie  hasty  gathering  together  of  lai^  bodies  of 
uridiiKnplini:<l  lri.io{)s  from  all  [>ai*td  uf  the  (munlry  into  1ar|^'  impro- 
vised camps,  largely  under  the  control  of  inexperienced  ofRcers  botb  of 
the  line  and  medical  service,  n'ait  folIow<td  very  quiclclj'  by  tliu  out- 
break of  epidemic  diseaces,  which  carried  off  large  numbers  of  men  who, 
to  a  certain  degree,  were  viotima  of  their  own  carelessness. 

It  is  related,  for  example,  that  a  certain  regiment  of  volunteers,  oi- 
camping  nearly  aide  by  side  with  one  of  regulars,  was  invaded  to  an 
cxtniordiiiiiry  degn'c  by  typhoid  fever,  while  the  regulars  were  prao- 
tically  free  from  disease.  One  of  the  medical  officers  informed  tbe 
author  that  most  of  tli«*e  men  were  so  dirty,  ln«y,  ignorant,  intempe- 
rate, and  immoral,  tbiil  nothing  short  of  an  extensive  epidemic  amoa; 
them  could  have  been  expw?ted  and  was  expectt^  from  the  start 
They  saw  some  active  service  and  were  conspicuous  for  general  iocS- 
oieney  and  lack  of  discipline.  Their  ranks  were  very  lai^ly  reduwJ 
by  disease,  and  the  casimUies  wore  prnotiwdly  nothing.  The  sur^'iroo 
returned  to  civil  life  and  were  welcomed  as  heroes  ;  those  who  perisfc«d 
in  <wisc<picnce  of  their  own  and  their  oommdcn'  revolting  babitsof 
life  are  enrolled  with  those  who  sacrificed  their  Uvea  in  defeooe 
their  country's  honor. 

A  striking  and  intcnwting  object  lesion  in  cAmp  Banitation  is  gt 
by  Col.  Chas.  R.  Grecnleaf,  M.B.,  Medical  Insp«;U>r,  IT.  S.  A.'  Tm 
camps  located  very  near  together,  nearly  equal  in  tlie  number  of  mm 
contained  (about  1 2,000),  and  with  the  same  conditions  of  dimalfi 
soil,  water  supply,  and  food,  showed  very  dlRenent  records  of  laurbwt 
ity  and  mortality.  In  one,  "  the  men  were  scourged  with  sickoeMiod 
death,  and  large  numbers  of  them  were  jtermanently  inviilidol;  local 
epidemics  becamo  general,  and  soon  the  entire  camp  was  so  thorou^lj 
infected  that  it  was  of  necessity  abandoned,"  In  the  other,  "  but  little 
nckntss  (the  percentage  never  exceeding  five  and  a-half  of  the  s^;:^ 
gntc  strength),  few  deaths  and  a   few  cases  permanenOy  invalided; 

'  An  Objwt  LeiHon  ia  Mililari-  Siiniiaiion.  Bo<ton  Medical  and  Sondatl  Jeomli 
Not.  16,  1899.  p.  485. 
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.1  epidemics  of  oodU^ous  disease,  due  to  importation,"  were  quickly 
coutrolled,  and  iu  no  ooac  extended  lieyoiid  tlio  n^ptvtivt-  coinmands 
wbicli  brought  thrm,  nor  did  a  single  case  of  iafectioitB  disease  originate 
in  the  camp. 

The  diflerenoc  in  thv  h<^ullli  conditious  of  tlie  two  canip«  was  due  to 
the  &c<  that  in  one,  "  the  advice  of  sanitariana  whs  Heldora  asked,  and 
when  iL*k«i  was  not  followed,  ami  nearly  every  law  of  lieulth  was 
nther  ignored  or  violated,"  while  in  the  other,  "  the  advice  of  sani- 
Urians  was  fre«ly  auuj>1iI,  aci:eptcd  mid  atrried  out,  no  pains  btting 
sparHl  to  secure  as  far  as  possible,  c»mp1iance  with  the  laws  of  health." 
The  benefitfl  of  sanitation  were  recognized  by  both  ollicers  and  men, 
and  the  udvioc  of  its  t^'uchers  was  cairicd  out  by  all  to  the  fullest  ex- 
tent. 

Th«  following  sanitary  regulations,  publishetl  for  the  goveniiug  of 
certain  model  camps  establi&hed  in  tlie  Pret^idio  Reservation,  one  for 
five  regimenta  of  volnnl<-ere  returning  from  the  Philippine  Islnndti, 
one  for  four  regiments  of  out-going  volunteers,  or  about  ."i.iOO  men, 
and  one  for  about  2,000  ix-cruil;"  for  the  rcgnlur  regiments  aln-ady  in 
tbe  Philippines,  arc  communicated  by  Dr.  Greenleaf.  (*'  In  planning 
these  camps  the  primary'  object.s  were  to  remove  the  kitehen.'<  a^i  far  as 
possible  from  thv  latrines,  to  provide-  a  safe  method  for  the  disposal 
of  excreta,  garbage,  etc.,  to  secure  means  for  the  fiersonal  cleanlinesa 
of  the  m«ii,  til  heal  their  quarters,  uud  to  supply  tbem  with  uii  abun- 
dance of  good  food  and  water.") 

"Thecommandingrtffiwrof  the  trfiops  occupying  the  camps  will  de- 
tail from  his  command  two  sanitary  Inspectors;  one  from  th«  line, 
preferably  a  major  of  the  regiment,  and  the  ntlier  u  regimental  med- 
ical olfiocr,  whose  daily  duty  it  shall  be  to  jointly  inspect  the  regiment, 
inquiring  into  the  general  ]>oIice  of  the  company  ipiartcrs  and  atreeta, 
the  kitchens,  the  food,  ilit  preparntioii,  quality  and  method  of  serving, 
the  latrines,  urinals  and  sewers,  and  making  to  the  regimental  oora- 
nander  a  brief  rejKirt  of  nny  nnMinitary  comlitions  they  may  discover, 
this  report  to  be  forwarded  the  same  day  to  the  medical  inspector  of 
the  army  at  department  headquarters. 

"One  medical  officer  and  one  hospital  steward  from  each  rt-gimrnt 
vill  be  required  to  be  presejit  for  duty  with  the  regiment  at  all  timea 
of  the  day  and  night. 

"  A  daily  sick  call  will  be  held  and  slight  cases  of  illne.is  treated  in 
qitarter»  or  in  lh«  n^imenlal  hospitals  provideil  for  that  pu^I)os^^  hut 
■II  men  who  are  likely  to  remain  sick  more  than  three  days  n-ill  he 
promptly  sent  to  the  (leiier.il  Hospital  at  the  Presidio  of  San  Francisco. 

"  If  any  case  of  infectious  disease  occurs,  the  fact  will  be  promptly 
reported  to  the  camp  surgeon,  who  is  atithori/.«d  to  make  proper  dia- 
pOflitiOD  for  its  isolation  and  euro. 

"  Aa  ambulanoe  fully  equipped  with  a  team  will  be  assigned  to  the 
^■HBp  by  tlie  commanding  ofTiix-r  of  the  Presidio.  This  ambulance  will 
^Iqiort  daily  to  the  camp  sui^eon  at  sick  call,  remaining  in  the  camp 
I  during  the  day,  subject  to  his  orders.     Under  no  circumstances  will 
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tUs  ambulsnoe  be  used  for  any  other  purpose  thnn  U)c  traiuportatioa 
of  the  &t<sk,  or  medical  supplies.  The  comniaDiliD^  offictT  of  the 
Prwiiiio  will  aIho  oaiiiio  niiother  jimbiilmiw  u>  Iw  Kiit  u>  tJie  camp  ibr 
nervice  aX  night  time.  This  ambulunra  will  remain  on  <)iitr  from  re> 
tn.-Al  f  >  rvveilli.-  for  uij^lil  vmcrgencr  itcrvice.  When  the  night  tunbu- 
lauce  reports  for  duty,  the  day  ambuUnce  will  be  roli«vcd  aiid  ntamed 
to  the  post. 

"Company  commanded  will  caution  their  m<.-n  nj^ia'^t  ex|>o»ure  to 
the  fogB  and  high  winds  that  prevail  here,  espetrially  in  tli«  early 
morning  and  evening,  tit  which  time  overwjut*  will  Iw  worn.  Riding 
on  the  '  dummy '  of  the  street  cars,  especially  at  night,  >s  particularly 
hnitardoiis  to  men  rocently  returned  from  nervioc  in  the  tropica.  Guard 
duty  and  other  niilitan'  functions  required  at  these  hours  will  Iw  held 
in  overcuaU,  and  at  breakfii.-<t  and  ^lupiK-r  the  ^tove.4  in  the  dimng- 
rooma  will  be  provided  with  (ires.  The  sale,  by  civilians,  of  food  or 
drink  within  the  limits  of  the  eamp  will  he  forbidden. 

"  At  retreat,  urine  tub;,  two  toench  company,  will  be  phiced  in  each 
company  street,  and  men  desiring  to  urinate  at  any  time  daring  the 
night  will  he  reijuired  to  u«;  them.  The  lobs  will  be  removed  from 
the  company  street  at  reveille  to  a  place  convenient  for  the  scavcng«r«, 
who  will  remove,  dean  and  place  lime  in  them  for  use  the  uext  night. 

"The  quartermaster's  department  will  be  required  to  provide  an 
ample  force  of  ecavengers  lo  oli-ati  tin-  latrine.'^  and  urinal  troughs  at 
leaat  once  daily,  and  to  refill  the  troughs  with  milk  of  lime  ;  they  will 
al.to  remove  all  kitchen  giirbage,  and  either  cremate  it  or  dispose  of  it 
in  such  place  as  the  quartermaster  shall  direct.  Fartieular  care  will 
be  enjoined  on  company  cooks  to  keep  grease  traps  clean,  and  to  d^ 
poxit  all  solid  garbage  in  eiiiis  prepared  for  tJiat  [Mirpose  in  time  for  its 
removal  bv  the  scavengers. 

"The  quartermiutterV  departmeiil  will  fumiith  to  each  regiment  an 
ample  supply  of  necessary  policing  implements,  to  enab1>-  •}><■  men  to 
thoroughly  aii<l  etfeclively  police  the  camp  daily." 

These  regulations.  Dr.  Grecnleaf  re]x>rt«,  were  pmmptly  carried  out 
bjr  officeni  aod  men,  and,  in  spite  of  the  fact  that  nearly  every  body 
of  men  brought  some  form  of  infectious  diwa.»e,  including  typhoid 
fever,  tropical  dysentery,  diphtheria,  smallpox,  measles  and  niump«. 
not  a  single  case  of  any  inflations  diseaae  originated  in  the  cam])s,  all 
of  the  imported  cases  being  promptly  segregated  from  the  (tmimaiid, 
all  infected  material  diAtiifeeleil  or  destroyed,  and  all  men  who  had 
been  exposed  isolated  and  quarantiued. 

In  all  the.-ie  e:impA,  the  latrines  and  bath-housea  were  plaecti  on  Uia 
flanks  and  rear  ;  the  kitchens  and  me««  halla,  in  the  central  lines.  In 
the  rear  of  each  raeas  hall,  a  zinc-lined  wash  trough,  supplictl  with  a 
dozen  bib  cocks,  w-ts  place^l  to  be  used  as  a  lavatory  ;  near  the  door  of 
each  kitchen  was  a  grease  trap  connected  with  the  sewer,  and  galva- 
nized can«  for  garbage  and  ashn*  were  placed  on  the  porch.  I'ST)^ 
caJdruns  for  heating  water  for  laundry  and  other  purposes  were  set  up  in 
convenient  places.     Two  galvanized  wa.<ih-tubs  were  fumisbed  to  each 
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my,  and  "  night  soil  tubs  were  placed  in  every  com|>nuy  street  at 
'tattoo'  for  ihr  uhv  of  tlic  mm  during  the  night,  a  Aentincl  being 
posted  in  tJie  street  to  see  that  the  orders  regarding  their  use  were  car- 
ried ottt."  Thi;  coiiTtlnielion  of  latrintTS  and  dii^po^l  of  excreta  were 
ouried  out  according  to  the  reconnoendations  of  n  board  of  medical 
officers,  oonsuiting  of  Major  K«ed,  U.  S.  A.,  and  Majors  A'anghn  and 
Shakspcarv,  U.  8.  V.,  as  follows  : 

"A  trough  made  of  No.  '22  galvanized  iron,  fourteen  feci  long, 
twcnlr-two  inch(«  wide  at  the  top,  piinibolie  in  cross  wiotion,  and  with 
a  maximum  depth  of  eighteen  iudies,  if  set  in  a  light  wooden  fraine- 
work,  which  wrvw  as  a  jtrolective  crate  in  transportation,  gives  sup- 
port to  the  trough  while  in  pofiition,  and  serves  for  the  utlachnient  of 
■  lid  in  two  seclions,  furnished  with  iMven  seat  holes.  These hoU-ii  are 
ehaped  &o  na  to  render  soiling  uf  the  )^at  difficult,  uud  a  t^lutiting  board 
one  foot  wide,  permanently  fixed  at  a  proper  angle  above  the  seat,  pre- 
vents the  men  from  getting  up  on  it  with  their  feet.  When  in  [Kwtion, 
one  end  of  the  trough  is  raised  four  inches  higher  than  the  other. 
Tlie  tniiigh  is  pliH^ed  in  nn  onlinnry  fninu^  privy  hnune.  At  the  upper 
«ad  of  the  trough  there  la  placed  a  galvanized  iron  gutter  of  proper 
b«ght  and  inelinatlon  leading  into  the  trough  to  serve  as  n  uriiinl. 

"The  rear  side  of  the  gutter  or  that  attached  to  the  wall  of  the  build- 
ing is  higher  than  the  front  side,  to  prevent  soiling  the  building.  The 
trough  is  prepareii  for  the  receptiun  of  fR>cuI  mutti-r  by  filling  it  with 
water  until  a  certain  level,  indicated  by  a  line  on  the  inside  of  the 
trougfa,  i«  reached.  A  nicaxiire  for  the  purpose,  and  holding  one-sixth 
of  a  barrel,  ia  now  filled  with  (|uicl{limc  and  emptied  Into  the  water; 
•ome  dry  lime  should  a.\m  l<e  pinixtl  in  the  urinal.  The  lime  in  llic 
tioagfa  is  thoroughly  stirred  with  a  wooden  paddle.  This  stirring  is 
repeated  tliree  times  evi-ry  day.  The  wooden  [mddle  when  not  in  use 
stands  in  a  pail  tilled  with  mtik  of  lime.  Toilet  paper  u  provided  for 
the  men's  iLse  in  the  latrines,  because  large  pieces  of  newspaper  will 
float  on  the  water  holding  miissi's  of  fa-cal  matter  above  the  surface, 
thus  exposing  it  to  the  fiies  and  other  insects. 

"  Onoe  a  day  the  content*  of  th«*c  troughs  are  pumped  out  into  ao 
odorless  excavator,  carted  away  and  properly  disposed  of.  The  milk 
of  lime  de-itroys  the  typhoid  luieillus,  and  the  contents  of  the  trough, 
if  pruporly  cami  for,  will  Ix;  quite  innocuous.  Nut  only  is  tlie  milk 
of  lime  and  faecal  matter  innocuous,  but  ila  value  as  a  fertilizer  is  con- 
■denible." 

It  may  be  stated,  however,  that  these  excellent  rcaulta  in  sanitary 
police  were  not  brought  about  without  ouUide  assistance,  for  it  wag 
found  advisable  to  employ  acorps  of  civilian  scavengers  consisting  of  2 
ovenoers,  22  night  scavengers,  54  day  scavengers,  and  17  tt-Jimstcrs, 
with  5  odorless  excavating  carts,  6  sanitary  cjtrs,  and  12  dust  cart«. 
By  means  of  this  outside  force,  the  camp  was  kept  thoroughly  clean, 
and  the  excreta  were  prumptly  removed  and  diniMiwd  of.  Tlie  latrine 
ttonghs  were  emptied  twice  in  24  hours,  and  garbage  and  all  manner 
of  waste  material  vra»  remove<l  twiee  daily.     The  tent  floors,  kitchens, 
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mess  balls,  and  company  atracU  wfir«  «wcpt  daily  by  Uic  soldiern  them- 
»olvfi8,  Hnd  one  man  t'mm  each  oompaoy  did  duty  each  day  io  tbc  com- 1 
pany  latrine  to  keep  it  olraii  and  sUr  liie  limo  solution  fretjuenlly. 


The  Diseases  of  the  Soldier. 


While  the 


iliar  to  the  suldicr,  thcrr  nrc  i 


lile  there  are  no  uiscasi'^  |>ec'<i]iar  to  tbc  Hul< 
which  till,-  i:irciim^taiiof-j«  eiikI  I'otulitiiitLH  incident  to  camp  life  reader 
bini  conspicuously  susceptible.  These  arc  miunly  of  the  |in'vcntable 
claiu  and  can  be  largely  clieckcd  by  projier  rc^rd  to  tb«  principles  of 
camp  suiiitatiou,  by  avoidance  of  polluted  wiitt-r,  bad  wxiking,  over- 
crowding, and  overwork,  and,  in  some  degree,  by  the  ioculcatioo  of 
the  principles  of  inoilil  living. 

It  U  difficult  or  impo.'ffiibie  to  determine  how  eoldiors  comparv  with 
civilimis  in  the  amount  of  »^ckness  whicb  they  Miller,  since  we  have  no 
statistics  of  general  morbidity,  especially  of  corrcspoiiiliiifr  age  periods, 
of  the  civil  population  ;  and  even  iven>  ^luch  available,  it  would  be  oec<»- 
Htry  to  bear  in  mind  that  the  soldier  is  oAcn  on  tbc  sick  list  vritb  ail- 
menU  which,  in  civil  life,  would  neither  deter  him  from  attending  lu  \iu 
daily  work  nor  cnnsc  him  to  ffi  to  the  added  expcnij^c  of  medical  ad- 
vice.    The  soldier  has  absolutely  free  medirail  attendance  and  cupc,  and 
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of  this  he  freely  avails  himself,  excepting, 
real  troubles. 

Concerning  the  conMitulion  of  the  medical  oorps,  the  hoepital  ac- 
oommodntions  and  general  ndministratiou,  all  of  which  are  lixed  by  law 
and  ntgulation,  no  description  or  discuiuiion  ia  nec«as8ry ;  and  a  brief 
consideration  of  the  prevalence  and  prinl  is  posing  eiiuwi*  of  the  chief 
diaeaa&s  of  armies  is  all  that  lies  within  the  scope  of  this  work. 

It  is  a  well-known  fact  that  in  both  war  and  peace  the  greatest  mor- 
tality among  soldiers  is  from  disease  and  not  from  violenew,  tlic  single 
exooplion  which  history  records  being  nlTordcd  by  tJte  Gemma  army  la 
the  war  of  1870  with  France.  In  our  war  with  Mexico,  ncoordiog  Io 
WoodhuU,  3.10  of  the  regular  force  were  killed  or  died  of  wounds  and 
4,714  died  of  diaciuein  the  field.  In  the  Civil  War,  99,18.1  wliiteaand 
3,417  negroes  were  killed  or  died  of  woumU,  and  171,801!  whites  aad 
29,963  n<^roeK  di<-d  of  disease.  In  our  recent  war  with  Spain  and 
troubles  io  tlie  I'liilippines,  during  the  year  from  May  1,  11^98,  to  April 
30,  l^!)!),  according  to  tlic  report  of  the  .Surgeon-General,  968  men 
were  killed  or  died  of  wounds,  injuries,  and  accidents,  and  '^,438  died 
of diaeiLse.  Typhoid  fever  wh.ii  r<'^j)nu^ible  for  more  than  lialfthe  deaths 
from  disease,  next  in  order  came  malaria,  followed  by  pneumonia,  yel- 
low fever,  and  smalljiox. 

Tuberculosis. —  In  the  large  standing  armies  of  the  world,  tuberco- 
losis  has  long  ])layed  a  leading  part,  due  lai^ely,  as  has  been  pointed 
out,  to  overcrowding  and  deficient  ventilation,  and  to  ihc  enlistment  of 
men  in  whom  the  disease  is  latent  before  entrance  and  developed  by 
changes  in  habiti*  of  life,  climate,  etc. 

Yet,   according  to  C«lin,'  Insiiector-General  of  Hygiene  in 
*  Joucnal  d' Uygicao,  Msrch  1,  IBOO. 
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FrencI)  Army,  xasay  persons  with  latent  taherou1o!dn  not  oiAy  siaxtA 
tlw  h:inUliip9  of  miliUirj  8crvit«  well,  but  cvi'n  bcuomt'  Btruiigcr  and 
gen«rallT  healthier.  According  to  a  atatement  by  Snrgeon-<^ieiieral 
Sebjcniiiit;  «l  thi;  TiibLTcuIosis  Congress  iu  Berlin  (189D),  »  decided 
decrease  in  luberculoeis  haa  been  observed  in  the  Gierman  army,  while 
in  other  ariiiic^  an  increase  from  year  to  year  in  loss  of  men  from  this 
cause  may  be  looked  for  as  a  certainty,  especially  when  large  increases 
in  eoliAtment  nen^MHitati^  the  incliiHion  of  many  not  fit  for  service. 
Colin'a  BtalistJcs  of  losses  to  the  French  urtuy  are  corroborative  of 
Sd^emiDg'fl  statement,  especially  those  for  the  year  1805,  when  a  large 
incn-iwe  of  the  army,  nc(*«8itating  n  rednction  in  the  quality  demundcd, 
was  followed  by  a  more  marked  increase  in  yearly  loss.  The  (igurea 
follow : 
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To  tlte  Knglish  i^ervice,  phthisis  is  l\w  chief  eaiise  of  mortality  and 
invalidiDg,  the  annual  loss  averaging  somewhat  below  5  per  1,000 
army  sirei^h.  In  tlie  French  service,  the  diHeii.'ie  stinda  necoud  to 
typhiii<l  fever. 

Id  armies,  as  in  general  life,  tui>ercL]lo.ti.4  finds  the  greater  number 
of  iti«  viclimx  among  those  who  are  most  confined  and  i»  more  frequent 
io  the  garrisons  of  large  towns  than  among  troops  in  the  leas  thickly 
•ettled  parta.  The  most  iyirefnl  pryphyliixis  is  demanded  to  prevent 
tb  spraui.  mid  the  ideal  meaanrc^  would  include  the  discharge  of  all 
pnMia.'i  cajioble  of  acting  as  fiiei  of  tlie  disease. 

Typhoid  Pever. — Typhoid  fever  ia  very  prominent  as  a  soourge, 
espedaily  in  time  of  war,  when  large  bodicii  of  raw  and  undisciplined 
troo|i«  are  brought  t'other  in  camps  of  instniction.  Among  large 
bodies  of  men  drawn  from  diffi-rent  parts  of  a  country  in  which  the 
diacAw  is  very  gt-nendiy  <]istriljutcd,  it  \«  almost  inevitable  that  thero 
will  be  some  who  will  introduce  the  specific  germ.  The  individual 
soldiers,  owing  to  their  age  and  the  nbm|)t  changes  in  the  nature  of 
llteir  surroundings  and  general  habits  of  life,  are  very  sui-oeptihle  to 
infections  in  geiifral.  I^tati.ilicsdemonstratc  that  the  seasoned  regular 
suflcrs  much  less  from  disease,  in  proportion  to  numbers,  than  the  un- 
disctplioed  volunteer  and  raw  recruit.  This  is  due  to  the  fact  that  he 
haa  lieoome  accustomed  to  the  mo<lc  of  life,  and,  through  training,  haa 
better  learned  how  to  take  care  of  himself  io  all  departments  of 
perMmal  hygiene.     Great  care  is  necessary  to  isolate  c«sce  us  soon  aa 
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teooKnised  and  to  treat  excreta  so  that  their  final  disposal  shall  not 
a  meDac«  to  (Im;  Halvty  of  othere. 

Of  tlie  highest  importance  is  the  prevention  of  access  of  6ies  ia 
disoharg«s,  for,  as  hn»  Iw^-n  !*tiiit'<i  iilw-wlit-w,  tlttiite  \K^la  liavc  been 
tpon«ibTe  for  the  spread  of  this  and  other  di^asce  by  cotitamioatiog  the 
food  supply  nftur  vi^itiofr  th«  sinks.  Also  of  tite  highest  important 
u  the  avoidance  of  a  polluted  water  nipply ;  boiling  of  water  oooccfii- 
tng  whieh  iioliiing  U  knnurn  xlkould  atvi~ays  be  done  as  a  matter  of 
routine  precnutiou,  and  the  attention  of  the  ini-ii  should  b«  drawn  to 
the  dangiT  which  they  incur  in  the  indiscriminate  drinking  of  water 
which  has  not  been  thus  treuUid  or  sliown  by  competent  anthority  not 
to  require  it.  In  general,  it  may  be  stated  that  without  efficient  saa- 
itari'  police,  typlioitl  fvvcr  among  tnKipi^  i*  always  to  Ik'  cxpectwl. 

Preveotire  inoculation  against  this  diaease,  though  in  its  infancy, 
given  siiflicietitly  encotiraging  rcimlt«  to  warrant  trial  on  a  large 
The  great  majority  of  l^li^  troops  sent  to  war  in  South  Africa 
so  treated,  ami  it  is  expect^  ihnt  valuable  Atatistira  ooncerniug  tbt 
efficacy  of  the  treatment  will  be  furthcoming. 

Dysentery. — In  the  South  and  in  our  new  tropical  pos.se.'isions,  d; 
entery  is  one  of  the  most  important  eump  dinvawM ;  in  jiict,  it  is 
that,  within  the  tropics,  dysentery  annually  claims  far  more  vicli 
than  Aaiutic  cliukia.     Once  introcliioctl,  like  typhoid  fever,  it  is  likely 
to  bw^nine  epidemic.      Prophylactic  measures  adopted  are  the  same. 

Yellow  Fever. — This  diw-jLte  of  hot  climate*  i.'i  conRiicd  jiraciicaily 
to  the  Western  Hemisphere.  It  is  essentially  u  filth  disease,  or,  ai 
Inut,  it  finds  in  high  tetnjH'mlures,  humidity,  and  filthy  surroandiags, 
the  conditions  most  favorable  to  its  spread.  Concerning  modes  of  tn- 
fw;liun  (ml  little  i^  known,  hiit  the  exciting  cause  is  believed  by  somt 
to  reside  in  the  excreta  and  vomitus,  and  by  othvnt  in  the  hlood  and  to 
be  spread  by  mnsqutloes  and  otlier  insecta.  Strict  sauitarr  police  anJ 
general  hygiene  are  demanded  more  tlian  ever  when  yellow  fever  h 
prevalent,  and  when  a  camp  beoomes  infected,  it  is  advised  to  mov«  St 
once  to  new  and  higher  ground,  taking  due  precautions  iiot  to  carrj 
along  any  infection  on  clothing  or  other  articles. 

It  is  tu  be  said,  however,  that  the  exj>eriments  of  Dr.  Reed,  U. 
A.,'  and  others  at  Quemados,  Cuba,  rather  indicate  tluit  infected  cloi 
ing  is  without  danger,  and  that  mo-tquitoes  are  alone  re^poosible 
the  spread  of  the  disca^.  A  room  wjw  tlividnl  by  a  wire  iwrecn, 
into  one  side  were  introduced  disinfected  l>edding  and  clothing 
several  infoctwl  mosquitoes;  into  the  other,  only  infected  clothiu 
and  bedding  from  the  yellow  fever  hospital.  A  non-immune  oocupied 
the  former  until  bitti.*n,  and  dcvHope«l  the  disease  four  davit  af^winb. 
Another  slept  in  the  latter  in  infected  clothing  and  bedding  for  fnoar 
niglitn  and  wu«  nimble  to  ontnict  the  disi^ase. 

Malaria. — The  various  forms  of  malarial  diseases  are  always  ■ 
curse  to  armies,  eajKHjially  tho^e  operating  in  hot  climates.  Though 
the  death  roll  from  malaria  may  not  be  great,  sickness  and  cuaseqaeol 
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invaliding  are  commonly  enormous  in  amount,  and  an  srmy  stricken 
willi  iiiiilariii  is  an  iiniij-  unfit  for  field  operation'^.  Tlio  iiiTwiion  weak- 
ens tli«  natural  power  of  resistance  to  other  infections  and  is  said  to 
pi«dui|)o«ie  th«  violim  <!)^]H'ci»ll}'  to  iiiff^rtiuii  liy  ty[)]i()id  fever  and  to 
exert  ■  particularly  pernicious  Intliience  on  those  who  have  already  ac- 
qaireci  or  snb»«inently  a<-<)uirc-  venci-ftai  dimasox. 

For  many  yi-are.,  a  variety  of  inHiienccs  have  been  regarded  aa  active 
•gents  in  the  spread  of  malaria ;  these  have  already  been  discussed  in 
ibe  cltapt«r  cmi  Soils.  Since  the  confimiation  of  the  discovery  of  the  im- 
portant part  played  hy  certain  genera  of  most|uitoes  in  the  dissemination 
of  the  tnalariul  poison,  the  neet«*ity  uf  the  mw  of  netting  iigninst  tlK-se 
pe!t«  haa  been  very  clearly  demonstrated.  The  preventive  measures 
against  malaria  consist  in  the  avoiilanix-,  if  poHKible,  of  eitei*  near  which 
tbe  ci>nditions  are  favorable  to  the  puddle-breeding  nioequitoes,  the 
aToidancc  of  nntieceAaary  gitin^  al>oul  during  the  hours  when  nio»qui- 
tO«s  arc  most  active,  prevention  of  access  of  mosquitoes  to  the  sleeping 
qoartera,  and  the  systematic  use  of  prophylactic  doses  of  <|ninitie  morn- 
ing anil  niffht.  Whiskey  is  nut  newieil  ae  an  adjuvant,  and  is  muro 
likely  to  be  an  injury  tlian  an  aid.  Hot  tea  and  coffee  are  more  highly 
K^nleiJ. 

Measles. — In  all  new  levies  of  troojis,  measles  is  a  serious  impedi- 
ment to  effioienoy,  for  onw  irilrodutwl,  the  di.sca«e  spreads  rapidly 
through  the  camp,  etipedally  if  the  troops  are  largely  Irom  the  country', 
where  they  have  escajied  the  diseases  of  childhood  which  ravage  the 
population  of  cities  and  large  towns.  The  iniportanee  of  the  disease 
appears,  according  to  recent  evidence,  to  be  likely  to  be  underrated  by 
oumnkanding  otiiccrs. 

IharrhceiDd  Diseases  in  Oeceral. — Because  of  the  lesser  resistance 
to  !i}>e<-ifie  infi-ctions,  which  ap{K'nrs  to  aeeomimny  even  mild  conditions 
of  diarrhreji,  it  isesseutinl  to  take  such  measures  and  preeiiulions  as  are 
powible  to  prevent  them.  Among  the  prominent  causes  may  lie  men- 
^ooed  the  use  of  badly  eooket^l,  indigestible  food,  and  chilling  of  the 
body,  particularly  at  night  while  sleeping  on  the  ground,  even  though 
■qwral«d  from  immcdiat«  contiicl  therewith  by  rubber  blankets.  The 
prevention  of  the  first  cause  needs  hardly  to  l)e  pointed  out  ;  for  the 
previ-ution  of  the  seeond,  the  hiLbitual  use  of  light  flannel  garntcnia  or 
abdominal  bands  is  rvcommcndcd. 

Stmstroke.— This  oonaecjuencc  of  extreme  beat  or  over-exertion  in 
high  temperatures  is  very  likely  to  be  inducal  by  imprudence  in  t]io 
matter  of  water  supply  and  by  continuous  work  without  periods  for 
test  and  rent  ]h- rat  ion.  According  to  Dr.  Smart,  U,  S,  A,,'  "  If  the 
allowance  of  water  \s  scanty  it  roust,  nevertheless,  be  used  nt  regular 
iiitcr\-ala,  but  economteally  lest  it  give  out.  There,  is  manifestly  leaa 
dan^r  of  a  fulminant  stroke  with  a  stinted  but  steady  supply  than  with 
(nil  allowanoe  for  a  given  time  followed  by  a  i»eriod  of  enforced  ab- 
Etinenc^:.     On  the  other  hand,  if  the  supply  is  libcnd  it  may  bo  indulged 

freely  and  with  advantage  when  the  skin  is  acting  well." 
■  Plnl>del|>l]b  }i<tA\cti  Journal,  Jui.  19,  1901,  |>.  I6& 
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He  n>I«t«s  tiinl,  during  a  sen-tw  of  four  yours  in  tbc  hot  clunatel 
AriioQa,  with  comniiuids  of  varying  siae,  making  long  marciit^,  oAc.a.oa 
sciint  itllowoiire  of  wnu^r,  lie  saw  siitLitroke  on  but  one  uccmtiou,  and  u 
this  inslauoe,  the  rule  to  use  tlie  cuntccn  in  tlie  early  part  of  the  maiA 
with  oatition,  as  if  no  more  oould  be  had  until  arrival  in  camp,  was  nol 
followed.  It  wa«  the  rule,  when  a  Hupply  preiiented  itself  on  the  lioe 
of  march,  to  uae  it  freely,  and  tlien  on  pmccedii^  tn  uwc  Ihe  n^Alled 
cuiitct'iiit  vrilli  the  Ninie  eauiion  Kt  bi-forf.  A  cnnteen  of  tea,  not  neoes- 
sarily  strong,  eontaiiiiag  a  little  lemon  juioe,  lime  juice,  or  vtui 
mare  desirable  when  obtainable  than  pinin  vi-uter. 
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Venereal  Diseases. — ^Tlioae  are  respon&iMe  for  a  very  large 
of  ai('.kni-!t.t  in  all  armies,  and  their  prevention  hn»  boen  Ihe  subject  of 
much  oonsidi'rution  by  militan'  authorities  cven,'whpre.  But  the  reue- 
dicH  a^nst  the  prevailing  high  Itgiires  of  morbidity,  luiuiely,  scicaltlic 
and  practical  control  of  prostitution,  Gud  always  and  everywhere  actire 
oppofiilioii  on  the  part  of  tile  public. 

Tronsmissioii  of  Epidemic  Diseases  by  Flies. — Although  the  ptv 
sibility  of  the  sprend  of  such  diseases  as  cholera,  dysentery,  and  Ij- 
phoid  fever  was  suggestetl  and  demonstrated  an  early  us  ]  892,  (be  nwl- 
ter  did  sot  receive  any  particular  attentiou  until  the  unusual  pre^-alellce 
of  typhoid  fever  in  the  great  military  camps  in  the  South  in  I8it$  ra 
made  the  subject  of  a  airefnl  impiiry,  which  ](.-d  to  the  conclusion  thit 
the  great  swarms  of  flies  which  infested  the  camps  were  largely  rwpoo- 
sible.  The  fmt  series  of  ex[xtriiiiei)te  on  the  subject  of  iofeclin 
through  the  agency  of  flies  was  conducted  by  Sawtschenko'  with  pun 
culture*  of  ehoh-m  bacilli.  The  bacilli,  fed  to  two  kindi;  of  flies,  were 
found  in  the  excreta  und  bowels  as  late  as  four  days  alter  inge^tiM; 
renuiveil  on  the  third  day  and  inoculated  into  guinojt-pipt,  they  ittft 
found  to  be  quite  as  iu:tive  as  tlie  pure  cultures  tliemselveA. 

Similar  results  were  obtained  when,  instead  of  pure  ctiluires,  thedii- 
obargcs  of  choieni  patients  were  cnipli>y<i|  rut  fcfnling  material.  Some 
of  the  experiments  indicated  that  the  bacilli  probably  nuilliply  widiio 
tlie  fly,  which  thus  aetn  asn  breeder  and  di.-<triliutingiigent  atthet  ~ 
time.  A  fly,  caught  in  the  autopsy  room  at  Hamburg  durit^ 
great  epidemic  of  1892,  \van  examined  by  Simmonds,*  and  yicL 
numerous  bacilli.  This  sug)^>Ktcd  an  iiM^uiry  into  Ihe  length  of  tiiw' 
the  cholera  i^oison  would  retain  its  activity'  %rhen  adherent  to  flj^BS 
insects,  and  experiment  showcii  that  it  remained  vinileut  for  at  Itast 
an  hour  and  a-balf  after  drying.  Surgeon-General  Sir  William  Moon' 
drtrw  attentiou,  in  18^3,  to  the  &ot  tliat,  in  India,  flies  abound  most  ci- 
tensively  during  the  time  and  season  of  greiitest  prevalence  of  cholen; 
he  sugre-stcd  that  they  might  act  att  carriert  of  typhoid  fever,  phlliiiif, 
and  ophthalmia.  He  ini^timccd  an  epidemic  of  anthrax  spread  by  flies 
which  had  covered  the  carcass  of  a  dt^  thrown  into  a  ditdi. 

An   instance  of  strong  prcKumptive  evidence   of  an  oatbreal: 

'  CuitralblBU  lur  Buklvriulo-f^p  und  ritnukiU'iikoDtlv,  XIL,  p.  9S3. 
'IX-iitBchc  mcfiicininchc  Woch^nwhrift,  1892,  No.  4\. 
•MoHionl  Muxiuiiiti,  .tiily,  l8Q:t. 
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through  thi^  ii^-iicy  offlios  is  fiirn!»li<Hl  by  Bticlinnaii,'  who  re- 
_  lat  ill  JuD«,  1  s;)6,  Dine  cases  of  the  disease  occurred  in  tlic  Biird- 

wsu  jail,  where,  |>rior  to  and  itfler  the  nllnclc,  thon;  wm  exceptional 
ftMcloiu  from  buwol  complaints.  The  water  supply  vras  atxn'c  suspicion 
■nd  was  the  same  for  all  the  inmates,  who  numbered  1!)0  and  were 
divided  into  two  f^rotips,  the  ordinary  prisoners  and  the  "  inlirm  pI'iK." 
The  latter  worked,  fliept,  and  aasociat^^d  generally  with  the  former, 
but  their  food  wan  Bpucially  cooked  and  they  were  fed  in  a  »0[ianite 
plaicc  in  the  hospital  compound. 

The  ordinary  pri»i)n<'rs — and  it  was  ainong  tlieso  that  all  the  cases 
occnrred — had  their  food  prepared  and  were  fed  at  the  extreme  oppo- 
rite  oon>er,  diagonally  frum  tin-  hn'ipitnl.  Over  the  wall  at  their 
ODHMr  wvrc  a  deserted  compound  and  a  row  of  dirty  huts  where  cholera 
bad  existed  during  the  jirijct'ding  your.  At  the  time,  the  city  was 
more  than  iMually  infest«d  with  swarms  of  flies,  and  just  before  the 
ik,  a  storm  had  oecnrred,  during  which  a  strong  E.N,E.  wind 
ewacro»«  tlu- jail  ynnl  from  the  lociility  above  mentioned.  All  who 
were  seized  were  among  those  who  were  known  to  have  had  their 
evening  rnral  in  the  corner 

(luring  the  storm,  and  it  ^o-  ^■ 

believed  that  .swarm* 
flie«  Hx-rc  bliiwn  from 
ibe  huU,  and  on  reaching 
the  tn.ic»  aiMl  corner  of  the 
ki^b  jail  wall,  obtained 
■belter  from  the^tonu  and 
Kttled  upon  the  food  ex- 
posed ID  the  plnt<«  l)eforo 
the  gaing. 

The  accompanying  flg- 
Dre  shows  the  relative  po- 
iitioD9  of  the  two  gangs  at 
Iticir  iiicail*,  and  of  the 
rted  compound  and 
ty  hiitK  from  which  the 
I  were  supposed  to  have 
dome.  The  evidence  here 
is  purely  circumstantial, 
bat  it  is  to  be  noted  that 
all  of  the  sick  belonged 
to  tbe  same  pang  ;  that  all  had  been  over  a  month  in  jail,  excepting 
two,  who  luid  been  there  seven  and  twelve  days  respectively;  that 
hen?  had  been  no  prevalence  of  diarrhu>a  before,  during,  or  after  the 
ihreak  ;  that  the  water  and  milk  supply  were  the  same  for  all,  and 
the  outbreak  was  ver^'  limited  in  extent. 

le  jirevalence  of  typhi lid  fever  among  Europeans  in  India  has. 
eo  attributod  by  Surgeon-Major  Buttcrsby'  to  the  agency  of  ilies, ' 

■  lodiBii  Maliml  Uuelh!,  Mnrelt,  ISO'. 
*Briti«b  Mnlirail  Jouniftl,  Aiig.  10,  ItiOft. 
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stace,  j-ear  by  yesr,  oiitbreake  occur  whidi  nrc  rao«t  difficult  or  imponibfe 
to  tm<.«  to  u  water-borne  cause,  tlie  water  i>up|ily  beiDg  in  luuDj  tn- 
stADcea  above  ttiiHpiciui)  mid  even  of  exi'cptiuiiul  purity.  Tlic  conttec- 
tioD  in  our  own  expcrieoue  in  1898,  thougli  not  absolutely  proven, 
Hecma  niont  renstiuublc  and  probable. 

'Die  pn»euce  of  plague  bscilli  in  the  ioleetinM  of  fliea  hiia  been 
(IcmuiidtruK^d  repeatedly  williin  recent  y«r«,  firat  bv  y«>in  in  1894, 
who,  Dotinji  the  Inrjje  number  of  dead  fliea  where  the  victicns  were  be- 
ing auto]K()Gd,  crusiiod  one  fly  and  inocidatvd  it  into  a  guinea-pig, 
which  died  of  tliv  iliHcnsu  iu  4^  hours.  Further  iuvoiligntioo  shnwed 
the  bacilli  preeent  in  the  intefilines  of  tlie  living  fly  and  led  to  the  oon- 
cluHiou  Hint  tbey  actually  multiply  lliercin. 

It  is  conceivaUo  that  flies  may  §preud  infection  through  their  own 
dejecta  and  by  material  B<l!u-rent  to  tlicir  f<-ct  imd  uther  parts.  The 
latter  seems  the  more  probable  and  common  method  when  one  oon- 
sidera  the  frequency  with  whirl)  these  p<«t8  alight,  now  lieir,  now 
there,  on  all  muiincr  of  61ch  and  food,  for  example,  tracking  that  whtcli 
adheres  from  the  one  over  (he  uurfaoc  of  the  other.  Viiittiug  the  sinks 
at  nn<;  time  ami  the  mcsH-table^  at  anotlicr,  they  have,  in  the  absence  of 
thorough  camp  sanitation,  the  wid&it  opportunity  Jbr  spreading  disease. 


TfiE  conditions  of  life  at  sea  id  relation  to  health  aro  very  difTcivnt 
in  niauy  respeots  from  those  which  olitain  asliorfi.  The  soa-faring 
raiin,  wherever  he  goes,  travels  in  hie  hubitntioD,  in  which,  neei.'tuinrily, 
his  (iliare  of  ouImo  space  is  far  leas  la  amnunt  ihnn  that  which  the  prin- 
ciples of  pieneral  liyfj''^'"<'  stipulate  as  a  permiisibie  iiiininiiim  fur  thiiw 
ubore.  His  air  supply  while  at  work  on  and  above  the  deck  is  of  the 
greatest  known  purity,  and  while  Iwlow  in  Wis  slw-ping  <inim<.>r»  it  is 
likely  to  be  at  times  unutterably  foul,  and  under  usual  conditiouB,  even 
with  the  best  of  cure  and  a]ipliimre3,  is  nsnally  nut  in  ennformity  with 
tiwgeoerally  accepted  standard.  Flis  work  expot-ea  him  to  the  hard- 
ahipB  of  the  iDost  tnd<>ment  w(-Atlii;r,  m  extremes  of  heat  in  the  stoke- 
holds of  vessels  propelled  by  steam,  to  long  sustained  musculur  efl!brt 
at  critical  periods ;  and  involves  sliort  hours  for  sleep,  and  these  not  in 
one  wHisccutive  whole,  but  divided  by  intervening  pcri^xlf-  of  duty.  His 
food  supply  for  the  entire  periwl  fnini  jwrt  to  ]>ort  must  be  transported 
with  him,  must  necessarily  pDesess  keeping  (luiilitie^,  nnd  bcncci  toh- 
sists  Lirgely  of  preserved  instead  of  fresh  meats,  and  dried  and  canned 
vegietablex  instead  of  tliose  fresh  from  the  lieMs. 

In  the  matter  of  kitchens,  cooking  iipplianccs,  and  fuel,  he  is  more 
fortunately  drcumstaneed  tliaii  the  soldier,  since  wherin-er  he  goes  they 
neconipany  him  and  he  is  quite  independent  of  the  frequently  trouble- 
some question  of  transportation  of  supplies  and  appliances  in  time  of 
need.  Thus  it  was  that,  during  the  battle  of  Manila  Buy,  all  hands 
could  be  piped  to  breakfast,  whereas  at  the  tierce  onslaught  by  tlie  land 
forces  at  San  Juan,  no  sncli  cimifortabie  relief  cnuld  be  afforded. 

His  water  sup|jly  must  be  carried  in  projier  atorap;  or  be  obtained 
by  distillation  from  the  salt  water  in  hi;  path.  But  he  bim  not  to  cope 
with  the  dinienltiea  which  beset  tlie  soldier  in  the  matter  of  camp  sani- 
tation, for  his  ttewer  is  the  boundless  o<%an  and  the  question  of  disposn) 
of  garbage  requires  no  thought. 


NAVAL  RECRUITS. 

The  Unit«d  States  Regulation  forbids  the  enlistment  ns  a  landsman 
of  any  man  over  25  years  of  age  unless  he  hiia  learned  some  mechan- 
ical trade,  and  in  this  instance  he  may  not  be  enlisted  without  special 
authority,  if  over  .34  years  of  age.  A  landi^man  is  ono  who  never  Imn 
fore  has  gone  to  sea,  or,  having  been  already  at  sea,  does  not  posseHS 


630 


NAVAL  AND  MARIHB  BYGtENB. 


the  skill  n-(|uir«d  of  mi  onliiiu-y  seaman.  An  ordinary  Maaum 
already  have  had  two  years'  experienoe.  Ad  able  eestuan  U  one  vrh* 
ha«  had  at  least  four  years*  ex|ierienoe  and  uiidcrstaixU  thu  na\-igfttion 
of  ships.  ApprcDtices  are  enliatcd  nut  under  16  yeare  of  age  and 
8crve  as  mucIi  until  21,  when  their  term  expireit. 

A  candidate  for  the  gervirt-  m  nnjuircd  to  undergo  a  thorough  ex- 
amination. If  afflicted  with  stricture,  internal  ihU-k,  or  any  M-rious 
disease,  ur  suflfcring  frum  the  ro9*ults  of  any  former  disease  or  injury, 
or  subject  to  fits,  he  is  debarred  from  the  service.  Applimnu  for 
positions  iw  skillc'd  mccbanioM  must  demonstrate  their  knowledge  of 
tbeir  crafi  and  sliow  that  they  pusacss  the  oeoeasary  qualification*  for 
following  it. 

THE   NAVAL  RATION. 

The  naval  ration  is  always  different  fmni  lliul  "f  (he  soldier  for  rea- 
sons already  given.      Thi'   ration  i>i  tJie  Uniled  .Slates  Xavy  a»  pre- 
Boribed  by  Congress  consists  of  the  following  daily  allovranM  of  pro- 
visions to  each  person  :  (1)  One  pound  of  salt  purk  and  half  a  jrint 
of  beans  or  peas,  or  (2)  one  [wund  of  salt  I>eef,  half  a  p(nin<)  of  floor 
and  two  ounces  of  dried  appIoH  or  other  dried  fruil,  or  (3)  three-fourths 
of  a  pound    of  preservod   meat,  half  a  {Kiiind  of  rice,  two  ounoe*  of 
hutt«r,  and  one  ounce  of  dry  mixed  vegc-tables,  or  (4)  thn^e-fourtbs  of  i 
a  pouud  of  preserved  meat,  two  ounces  of  butter  and   two  otinc«*  of  | 
dried  potato  ;  and  in  addition  to  either  of  the  abow  allowODCes,  four^  ' 
teen  ounot^  of  hard  brt^ail,  h  ipiarter  of  an  ounce  of  tea  or  one  ounce 
of  coffee  or  cocoa,  and  two  ounces  of  sugar.     In  addition,  each  persoa 
U  allowed  •  weekly  allowance  of  one-half  pound  of  pickles,  and  one- 
half  pint  each  of  molasses  and  vinegar. 

It  is  further  provided  "  that  frcali  or  prcaerved  meat  may  be  sab- 
fltituted  for  salt  beef  or  pork,  and  vegetables  for  the  other  articles 
usually  i.-^ued  with  the  salted  meat<<,  allowing  on«  and  a  quarter 
pounds  of  frush  or  tliree-qnnrtcrs  of  a  pound  of  preserved  meat  for 
one  pound  of  salted  beef  or  pork,  and  regulating  the  quantity  of  vege- 
tables so  a»  to  e(|ual  the  value  o(  the  articles  for  which  they  may  be 
substituted."  Furthermore,  the  substitution  of  one  jMiund  of  soft  bread 
or  one  jiound  of  tlour,  or  half  n  pound  of  rice  for  the  daily  allownoce 
of  fourteen  ounces  of  hard  bread,  and  of  half  a  pound  of  rice  for  half 
A  pint  of  hejins  or  peas,  and  cw  ivrm,  is  permiltcd  in  cose  of  neoeadty 
of  varying  the  daily  allowances. 

It  is  further  provided  that  "in  ca.se  of  necessity,  the  <laily  allowance 
of  provisions  may  be  diminished  or  varied  in  the  discretion  of  tite 
senior  officer  in  command  ;  provided,  that  an  additional  ration  of  tM 
or  coffee  and  sugar  be  hereafter  allowe<(  to  eacb  seaman,  to  be  provided 
at  his  tirst '  turning  out.'  'Diat  in  addition  to  the  navy  ration,  na  row 
establishiKl  by  law,  the  apprentice  boys  in  the  naval  service  who  ar« 
attached  to  training  vessels  shall  be  allowed  four  ounces  of  aotmcal 
and  four  onnocs  of  hominy,  coart^e  or  fine,  on  alteniate  days,  together] 
with  one-balf  of  a  gill  of  molasses."    Further  substitutions  are  al-  ' 
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lowed  UK  follows:  Six  ounocs  of  canned  vegetables  tn  plac4.-  of  one 
ouDoe  of  dried  mixed  vegetables  or  two  onncct  of  dried  potatoes,  and 
extract  of  ootl'ee  wUh  milk  and  siij^r  in  place  of  the  daily  nllowance  of 
coffee  and  sugar. 

l*n?5*<Tvcd  mmlK,  in  the  mwining  of  tlio  l«w,  (■Diiipri.sc  eaiinod  brof, 
muttou,  corned  beef,  bacon,  bain,  sauBagea,  salt  fish,  and  any  otbcr 
snkoked  or  aalt«d  meatii.  Flour  comprises  wlieat,  ryo,  oatmeal,  ooni- 
OMa],  and  Ikominy.  Drivd  fruits  include  apples,  peaches,  prunes,  niiiuDS, 
dates,  6g9,  and  others  susceptible  of  jiw'servation  by  drying. 

Fn>nj  the  above,  it  will  be  no(«d  that  our  nuval  ration  is  very  elastic 
and  generous,  and,  indeed,  it  is  said  to  be  i^upcrior  in  amount  and  va- 
riety to  that  of  any  foreign  navy,  just  as  our  army  ration  surpasses  in 
tbese  DMpects  tliose  of  other  armies.  According  to  the  late  Dr.  C.  A. 
Siegfried,  V.  S.  N.,'  the  average  ration  yields  1 57, .'14  j^ranis  of  protein, 
7o.&9  of  fats  and  549.77  of  carbohydrates,  equivalent  to  3,C15  calories 
of  potential  energy.  It  thus  ^Held.'i  nc-Ariy  4i  I  grams  of  protein,  nearly 
20  of  fat,  and  nvurly  50  of  carbohydrates  in  excess  of  Voit's  esttmatc 
of  the  daily  requirement  of  a  laboring  man  working  from  nine  to  ten 
hours  a  day  and  weighing  frimi  I.j4  to  IfJ-l  pounds. 

Iq  spite  of  the  elasticity  and  ahnndanoe  of  the  ration,  oonsiderable 
improvement  and  much  greater  i>atisfuclion  appear  to  be  attained  by 
the  syrtem  of  the  consolidated  mess,  instituted  originally,  in  1889,  by 
Lieatenant  Delehanty  of  the  II.  S.  S.  Indrpnuinirt..  Not  the  least  of 
its  advantages  is  the  improvement  in  the  preparation  and  serving  of 
the  food.  In  the  ordmary  method  of  moi^HtHg,  the  tthip's  company  ia 
divided  into  a  number  of  messes  of  about  twenty  men  and  each  has  its 
own  cook  and  mess  attendants.  The  preparation  of  the  food  for  all 
is  in  charge  of  the  chief  cook  and  a  niimlMrr  of  assistants,  and  the  serv- 
ing out  and  the  care  of  the  mess  gear  are  attended  to  by  the  mess  at- 
tendanta  or  berth^deck  cookjt.  Aocoriiliug  to  l<iciiteniiiil  K.  ('.  l>e<-ker,' 
of  the  U.  8.  S.  Indiana,  *<tlie  present  system  of  messes  with  incom- 
petent and  often  broken-down  landsmen  as  oook8,  *  *  *  and  with 
general  vnistc  ami  mismanagement  is  a  failure." 

In  the  consolidated  mejts  of  the  Indlamt,  aa  descritied  by  Decker, 
the  crew  of  380  men  have  a  common  interest  and  are  uttendol  to  by 
leven  cooks,  one  of  tlie  first  class,  two  of  the  second,  and  four  of  the 
third  clajis,  a  eomrai*yiry  yeimian  and  a  storeroom  keeper.  Funda 
for  provisioning  the  mess  are  derived  from  the  commuted  rations  and 
the  canteen.  (Here  may  be  aIjiIih]  that,  in  the  discn.'^sion  of  the  paper 
Doted,  the  canteen  s_\'st«.-m,  as  it  existed  in  the  Navy,  was  the  Eubject  of 
levere  criticism  by  officers  of  the  line.     It  is  now  abolished.) 

The  system  saves  mnch  trouble,  requires  fewer  cooks,  ancl  by  mak- 
ing passible  the  purchase  of  a  still  wider  variety  of  food  materials,  en- 
tnm  gn>at4-r  satiKfiictiou  throughout  at  a  diminished  cost.  Half  the 
ntioos  are  commuted   to  this  end,  but  according  to  Surgeon  H.  G. 

■jMinialof  the  Amcriivti  Mnlicol  .\»ioriulion,  Dec.  31.  16DZ 
■Tb*  CoiwoltiiaMi  Mmi  of  ih»  I'lvw  of  th*  V.  8.  H.  Indian*,  Protcodinp  of  Ilia  U. 
a.  fCanl  [ndiliJUv  XXlll.,  1897,  p.  463. 


ess 


HAVAL  AXD  MA  RISE  BTGIEyE. 


Beyer, '  the  food  value  of  iIk  ration  can  be  t>1ill  fiirtlK^r  itkcmwd  in 
direct  {vroportion  to  the  number  of  rations  commutMl,  and  in  view  of 
the  figures  of  food  vuliics  oSV-rtt),  "  the  moat  impartial  jui1g«  would 
di'clurc  in  favor  of  tbe  oommutation  of  all  ship's  ratioiM ;  lie  would 
bav«  tbc  rcf^iW  >A\\\i'»  ralinti,  in  its  pure  and  uomodifled  fonn,  rele- 
galcil  to  the  function  of  an  emergency  or  iron  ration,  to  be  oeed  only 
whenever  i>hip3  are  ke[>t  at  twa  nnd  have,  from  ikeceMity,  no  communi- 
catinn  with  any  of  the  rnarket«  on  shore." 

Under  tlie  usual  system,  it  is  claimed,  the  waitte  from  bed  manage- 
tncnt,  pnor  cooking;,  and  woree  service  !«  very  great,  L'mler  the  «»• 
»(iliilatL'd  system,  the  conversion  of  rations  into  money,  oontributiona  to 
tJic  t^-neml  mc«s  fund,  un<i  utilization  of  the  profits  of  the  canl««[| 
admit  of  tbe  purchase  in  open  market  of  such  articles  as  the  men  desire. 

As  shown  by  l>r.  Beyer,  tJie  legiilixed  tmv*l  ration  a  tbeiirelipally 
generoos  both  in  quantity  and  quality,  hut,  nevertheless,  good  and 
aiifBoient  reosonx  exist  for  the  dcitire  on  ttie  )iart  of  lh«  men  u>  coia- 
niute  part  of  their  allon-ances  and  obtain  a  decided  change.  He  urf>f», 
tlierefore,  tlie  uousolidatioo  of  n>cases,  the  training  of  cooktt,  tbe  cam- 
mutation  of  rations  whenever  communication  with  markets  ashore  can 
be  established,  and  the  relegation  of  the  ship's  ration  to  tbe  fonetioi 
of  an  emergency  ration  to  be  used  only  in  ouw  of  neccwsity. 

The  principal  defects  of  all  dietaries  for  sea-faring  men  compriM 
monotouy,  deticicncy  in  vqrftable  oonipoiieiit<,  and  ex<5C*o*  of  preaerv-td 
meats.  In  order  to  guard  against  tbe  resnlts  of  an  insufBeient  sapjJT 
of  anlLworbulic  v«^iabl««,  the  Kevimil  St»tiii>N  nxpiire  that  all  vewvk 
of  over  7ij  tons  bound  across  tlie  Atlantic  or  l*aeific  or  around  Cft 
Horn  or  Ca\M^  of  Good  Hope,  or  engaged  in  whaling  or  sealing  shall 
carry  a  sufScient  supply  of  lemon  juice  or  lime  Juice,  and  vine^, 
vhifib  shall  be  served  oat  within  ten  days  afW  salt  provisions  haiv 
bvoo  nrved  out,  the  U-mon  juioe  or  lime  juice  at  tlu>  rate  of  onc-Mf 
ounoB  daily,  and  tbe  vin^ar  at  tbe  rate  of  one-balf  pint  weekly,  ptr 


Water  Bapply. 

Tbe  satisfactory  storage  of  water  ahoanl  nhijw  ii>  a  matter  of  aW 
difficulty.  Small  vcseels,  as  ordinary  merchant  ships  and  simtlil 
cruA,  not  provided  with  distilling  apjMratua  must  ne<«>^tnly  cartt 
a  sufficiency  of  wat«r  for  the  passage  between  ports,  reekoned  H 
tlir«<;  quarts  daily  per  man  plus  an  amount  sufficient  for  cookitq;. 
Water  is  stored  in  winiden  en»k»  and  metallic  lankn.  Storage  in  carfs 
is  far  from  aatisfiictory,  on  account  of  tiie  deterioration  whidi  oontn 
in  tlic  qiuility  of  the  water.  Tbi#  is  dttc  to  the  action  of  tbe  walet 
in  extracting  mattem  from  tbe  wood  and  to  decompositiofl  of  \hat 
matters  induceil  and  carried  on  by  the  usual  agencies.  Casks  nhould 
not  be  made  of  any  soft  wood,  find  (he  interior  Khotitd  be  very  thor- 
oughly charred,  in  onicr  to  diminish  as  much  as  jNissible  Uk-  exirac- 

■The  Hygimi^  nf   the  Navy  Bation,   PitKwdiaK*  ol   the  U.  8.  Xanl  loKillM 
"  p.  llOi. 
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tion  of  soluble  cunstitncnts  «nd  to  f^ard  against  decay.  Tanks  nra 
comrooQly  made  of  galvaiiiztHi  inm,  lined  anm«timc8  with  c«roent. 
TIk'V  should  Ik-  plact-d  in  vneHy  acoeasiblu  locntioas  which  admit  of 
(cady  tii>^i>eclion  and  cleansing. 

No  wnU;r  giiuiild  be  takvn  on  boarti  iink-»w  its  source  i»  known  and 
ita  quality  is  such  as  to  preclude  the  danger  of  introducing  water- 
borne  di^-Jt'tos.  Ijnrfre  v(«a(.-la  and  steamships  jiruvidi^d  wllh  distilling 
apparatus  do  not,  of  course,  nec<1  to  provide  for  the  stora^  of  large 
Tolumes  of  wat«r.  Tlid  waU-r  yicidc-<l  by  a  diKtilling  a|)|iaratux  is,  on 
the  wholv,  far  superior  id  quality  to  that  which,  however  good  orifri. 
Dally,  has  been  stored  for  any  considenible  length  of  time.  For  full 
coasi<lcnitiun  of  the  subject  of  water  and  its  storage,  the  reader  is  rc- 
(emd  to  the  chapter  devoted  to  that  subject. 


The  Sailor's  Sleeping  Quarters. 

The  jtailor  ia  commonly  l)erth<Hl  etlhcr  in  deck  hoiiMs,  forecastles, 
or  between  decks.  Deck  houses  are  by  far  to  W  preferred,  since  Ihey 
are  well  lighied  and  can  be  well  airt-d.  Tliey  arc  jilacttd  about  mid- 
ifaips  and  are  most  accessible  and  convenient.  There  are  two  kindi! 
of  forecastles ;  one,  known  as  the  top-gallant  forecai^itlc,  has  side  lights 
and  U  cnleretl  tlirungh  u  doonvay;  the  other,  commonly  found  on 
merchant  vessels  and  small  craft  in  general,  is  entered  from  al>ove 
thnmgh  II  hatchway  and  i"  not  lightixl.  Tliis  is  the  leasl  dt-Hirable 
lodging  place  and  exceedingly  diflicult  to  keep  in  a  cleanly  condition. 
In  fact,  on  mercluint  veivKlK,  it  is  itoniinonly  infested  with  bedbugs  and 
other  vermin  and  b  the  storehouse  for  wet  dirty  clothes  and  all 
mauner  of  rubbish.  Forecastles  arc  likely  to  l>i>  danijiir  than  other 
parts,  on  account  of  the  greater  amount  of  water  shipped  over  the 
fore  part  of  tlic  vessel  when  under  way. 

Cubic  S]iae<.^  per  capita  depends  upon  tlie  facilities  for  the  convenient 
hanging  of  hammocks ;  it  can  never  be  generous :  it  is  always  far  less 
in  amount  than  b>  regardcil  iishore  as  essential  to  the  maintenance  of 
a  fair  degree  of  health.  In  fact,  sailors  are  almost  always  ovcr- 
erowded :  ihey  have  nothing  like  tht  nllownnce  which  obtains  in  bar- 
racks, but  rather  that  of  the  tent  in  the  Geld.  The  fact  that  the 
sailor's  rest  is  broken  in  upon,  do  that  at  nn  time  dot^  he  get  more 
titan  fimr  hours  of  e^)n»ccutive  sleep,  miiy  perhaps  be  a  benefit  to  him 
in  that,  in  the  intervals,  he  breaUies  the  pure  outside  air,  and  can  thus, 
in  Mitne  mi-aMirv,  counteract  the  evil  results  of  breathing  the  neres- 
nrily  impure  air  below.  The  English  statute  requires  that  a  seaman 
in  the  merchant  marini;  sliall  have  not  le**  tlwin  72  cubic  fert  of  air 

r«  and  12  6({uare  feet  of  floor  space  exclusive  of  that  occupied  by 
necessary  articles  of  furniture  and  dunnage. 
In  the  matter  of  cubic  space,  the  crews  of  merchant  vessels  are,  as  a 
tale,  better  off  than  those  of  men-of-war,  since  on  vessels  of  the  latter 
vlasa,  the  complement  of  men  re(|uired  for  all  the  various  duties  is  so 
large  that  overcrowding  is  to  be  looked  upon  an  a  matter  of  course. 
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Tbe  aleepinf;  quarters  of  most  of  the  crew  are  located  below  tlte 
line  OQ  tbe  berth  dedc.  Some  are  quartered  o<o  tbe  gtm  dedc,  which 
H  abore  tbe  water  lioe  and  conaeqavntlv  is  better  circnmitanc^  as  to 
light  nnd  nir. 

The  sailor  eleem  in  cithvr  a  hammock  or  a  banlc.  The  hammock  is  t 
bant^oj;  I'Cil,  miufe  of  heavy  canvas  about  mx  feet  long  and  half  as  wide. 
At  each  end,  brats  or  copper  eyelets  aro  worked  in,  throo^h  which  the 
nettles  oftbe  clews  paaaaad  are  fastened.  The  clews  ead  inun  ironrin^ 
to  wbid)  tbe  lashing  for  each  cod  it>  atlach<-d.  In  the  ham  mock  are  placed 
a  mattress  and  the  ueceaaary  coverings,  and  on  this  he  get.*  hut  inodicom 
of  Ti!»i  in  a  constrained  RnnatumI  jxisttion,  bent  into  n  cur\'p,  no  matter 
bow  he  may  dispose  hintselT.  Bunks  are  fas  more  rational  and  com- 
fortahle,  Miice  titey  {H-rmi(  of  u  borizontiil  atfiliido.  Tber  arc  madcof 
iron  frumctvork.  wound  with  canvas  or  other  n on -oon dueling  mateml, 
Ot  tti  wood.  TItey  [iOEi«eft.t  tlie  additional  advantage  of  occtipying  \t» 
space  and  licing  more  easily  kept  in  clean  condition.  Commonly,  they 
are  placed  in  two  tiers  and  sufficiently  far  apart  to  [icnnit  of  tMy 
passage  on  either  sidf.  TIk  lower  tier  should  be  not  leaa  than  oioe 
indies  from  the  deck. 

(Quarters  for  officers  and  jias^ngvnt  arc,  as  may  naturally  be  sap- 
posed,  more  favorably  located  and  more  commodious  than  thow 
signed  to  the  crew. 

Tbe  Diseases  of  Sailors. 

Tbe  chief  diiwa^ws  to  which  {Mtrsotm  on  tthiplioard  an>  subject  inclu 
diseases  oftlie  respira tory  organs  (particularly  tube rculosis^,rbcumi 
diwases  of  the  digestive  ap]iaratua,  venereal  diseases,  niKi  sea-sick 
Of  nervous  troiibtcit,  nostal^a,  melancholia,  and  hypochondriasis  srt" 
common.  Skin  disea^M^s  of  various  kinds  are  also  common.  Cholerasad 
yellow  fever  nnd  other  importnnt  infections  diseases  ^pear  to  be  eloeelf 
connected  with  ships,  by  which,  as  elsewhere  noted,  the  eontagioo  is  fra- 
qticntly  carried  from  one  country  to  anotlicr.  Fonncrly,  scurvy  wat 
especially  associated  with  life  on  shipboard,  but  since  the  dijioorery  aad 
iiitrodii(-li<in  of  the  pnifxT  prophylaiclie  renitHly,  th*;  disease  has  been 
practically  eliminaltxl  from  the  list.  In  addition,  troubles  of  minor 
importance,  arising  from  n{Kicifll  duties,  arc  of  common  occurrence,  Ixii 
not  lasting  in  character;  such,  for  instance,  as  eye  strain  and  other  dit- 
turbant^s  of  vUion,  disturbances  of  hearing,  and  Iraumii. 

In  spite  of  improved  hygiene,  diseases  of  the  lungs,  particulaHj 
tuberculosis,  appear  generally  to  be  on  the  increase  among  sea-ftriig 
men,  insbead  of  on  the  decline.  It  is  said  that  in  tlte  British  Navy,  be- 
tween 1 883  and  I  !i>90,  diseases  of  the  lungs  increased  64)  per  cent.  It 
hnd  hccu  sup|wseil  that  the  dning  nway  with  maiity,  sails,  and  risgingi 
with  the  consequent  lessened  exposure  of  the  men  to  cold  and  mt, 
would  have  a  contrary  effect,  but  ita  influenoe,  if  any  it  bad,  has  bten 
more  than  counterbalanced  by  the  change  in  conditions  below,  the  mca 
living  now  in  a  very  crowded  condition  in  hot  stj^el  ships. 

Firemen  and  stokere  are  very  prone  to  plithisis  and  not  inf^oenlly 
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tfie  ezhansting  nature  of  their  work  catmes  them  to  VxKsonie  debilitated, 
morbid,  and  iDclin«I  to  suicide.  Among  thiH  class,  vertigo,  stupor,  uiid 
eonvuliiioiiti  are  somewhat  common. 

Hospitals  for  the  treatment  of  the  sick  nt  sea  should  not  be  located, 
u  they  usually  are,  on  the  berth  deck  forward,  but  should  be  about 
■midships  where  thvy  may  reeeivv  a  siiflieient  amount  of  li^ht  and  air. 
The  furniture  should  be  of  irou,  thus  jtermitting  easy  cleansing. 

Ventilation  of  Vessels. 

The  air  of  u  ship  below  the  deck  is  commonly  far  from  meeting  tb« 
re<)uiremeot8  generally  aeoepted  and  is  often  extremely  foul  and  hence 
wholly  unfit  for  respiration.  The  contributing  causes  of  this  condi- 
tion are  an  excess  of  aqueous  va|Htr  from  respiration  and  from  water 
oacd  in  swabbing  docks  or  shipped  over  the  sides  while  under  way  ; 
u  exoeas  of  carbon  dioxide  from  respiration,  combustion  of  illu- 
minant«,  and  deoompoi^iition  of  organic  mutters  ;  effluvia  from  the  bilge- 
water,  from  oil,  tur,  paint  and  other  necessary  supplies,  from  the  com- 
jHiitenis  of  tJie  cargo,  and  from  otlier  Hourcen.  The  crew's  sleeping 
qoarti^rv,  even  though  protected  by  all  practicable  means  from  eontami- 
DSted  air  from  the  hold,  bilges,  and  fore-peak,  are  commonly  reached 
thn^itgh  BORIC  channel  by  the  eflluvia,  which,  mingling  with  those 
natural  to  the  place,  serve  to  make  a  very  bad  condition  much  worse. 
The  problem  of  efficient  vi-ntilation  of  vessels  is  cxcei-dingly  com- 
plex and  quite  different  from  that  of  ventilating  dwelliuga  and  other 
buildinga,  sinoc  the  fundamental  oonditions  are  so  little  in  agreement ; 
and  it  becomes  more  complicated  with  increase  in  the  size  of  the  ship. 
Tbi;  principlt-s  are  the  same  as  in  house  ventilation,  but  the  applica- 
tioQ  of  UM-thoda  is  surroundeil  by  grenter  diffieulticw,  due  to  peculiari- 
ties of  construction  and  to  external  conditions.  Natural  ventilation 
K^iy  be  efTocted  under  favoring  conditions  through  the  medium  of 
^^^tchways,  port  holes,  and  other  ofteniogs ;  canvaa  tubes  or  funnels 
with  II  side  opening  at  the  t»p,  isluyed  to  f»ci.-  the  wind  or  the  ship's 
course,  known  as  wiudsails  ;  lixed  ventilating  tubes  acting  in  the  same 
manner,  hollow  ma>iL-<,  and  other  appliaitce.-*. 

Hatchways  arc  commonly  the  only  openings  for  ventilating  the 
lower  forecastles  and  in  foul  weather  are  Kept  closed.  S<imetinie8  an 
Mtlet,  cJippiii  by  a  et)wl,  is  [>nivid<il,  but  it  is  usually  kept  dosed,  on 
uoount  of  the  discomfort  of  drafts.  Deckhouses  and  top-gallant  fore- 
ostler  arc  much  more  eftioiently  vcntilnteil  through  the  Hide  0]wniDg8 
■od  because  of  their  greater  exposure  to  the  external  air.  Holds  and 
■  tpace»  between  decks  are  ventilated  through  hatchways,  fixeil  tubes, 
■m  windsailt.  hollow  masts  which  act  ns  ventilating  flues,  funnel  ciM- 
inga  which  act  like  jacketed  stoves,  and  other  means. 

Vesedfl  of  large  size  cannot  depend  upon  any  system  of  iiatnnil  vcn- 
ilatioa,  but  must  have  recourse  to  mechanical  methods  of  propulsion 
lad  extraction,  and  even  (hen  only  an  im|>tirfi.-et  rtwult  can  be  ho]>ed 
or.     Aa  ID  tbe  mechanical   ventilation  of  buildings,  propulsion  is 
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lik«ly  to  prove  fiir  laom  efTvotivc  ttiiui  extraction,  uid  iia  effidency  i| 
very  Rreatly  dopemlcnt  upon  the  intelligent  planning  of  tbe  »ystom  o{ 
the  ouaiinelwavei  aiid  valvc-s.  \^a1vc^  nre  required  not  oaly  for  tbi 
purpose  of  shutting  off  the  air  current  where  it  ta  not  st  tb*  moneol 
required,  but  aUo,  on  lueQ-of-war  and  other  large  veteeUf  for  the  pro 
tc-ctioti  of  wntcr-tiglit  bulkheads  in  cose  of  aoddent,  and  of  ditfercnj 
compartmeuts  in  case  of  fire. 

Tlic  ventilation  of  vi'^sels  «ngag«d  in  carrying  pomcngers  'a  pro- 
vided for  ia  part  by  legUUtion.  The  U.  S.  Revised  Statutes  reqoira 
that  v(?8se!s  carrying  a  Iniixlrcil  or  nii>r<-  pasKnger^  shall  have  for  ea< 
apiirtmciit  two  ventilators,  one  forward  and  one  aft,  of  a  capacity 
port  ill  rintc  to  the  .tize  of  the  apartments,  a  tube  12  inches  in  diami 
being  regarded  as  the  proper  also  for  an  apartment  for  200  pvTMfia 
If  other  uieaiiH  of  attaining  tiie  Harae  measure  of  ventilation  are  pro- 
vided, they  may  be  used  in  place  of  those  stipulated.  Under  tbe  Kn^ 
lish  law,  the  provii^ioni*  for  lighting  and  ventilating  must  receive  thi 
apl^roval  of  the  Emigration  officer  ut  the  port  of  cltdraooe,  atKl  b 
there  are  as  many  as  a  hundred  passengers  on  board,  the  vessel  musi 
bo  provided  with  "  un  adequate  and  proper  ventilating  apparatus  U 
be  approved  by  such  officer  and  fitted  to  his  aatJsbction." 

When  artificial  hojtting  a  reqtiinx),  use  is  tnade  of  stovcii  and  steal 
heating.  In  the  forecastle  of  sailing  vcfeels,  small  square  stoves  d 
cast  iron  witl)  a  movable  cover  are  employed.  They  are  dirty,  inooD' 
venient,  and  generally  unsatisfactory, 

Q«Qeral  Hygiene  of  Ships. 

Of  the  very  first  im|H>rtanoe  in  the  hygiene  of  shij»  ia  gei 
cleanliness  of  ship  and  personnel.  Cleanliness  of  the  ship  requi 
Ouni>tant  watchfulness  and  iinrcniitting  attention,  and  daily  tufi|>erTl[ 
is  necessary  to  ensure  that  cleanliness  is  not  wholly  su})'.Tficiul,  sinoc  ! 
oflcn  happens  that,  wheren.t  the  decks  and  all  visible  portions  arc  cleni 
parts  which  are  out  of  oigbt  are  not  in  a  wholesome  condition.  Nan 
vesseU  of  all  oountxiex  are,  a»  a  claw,  niiicli  more  carefully  looked  aftti 
in  thia  rcriiK'cl  tliuii  those  of  the  mcn-hnnt  marine. 

In  securing  cleanliness,  it  is  a  mistake  lo  use  water  too  frequently  am 
in  too  great  abundnncp,  nnd  grrnt  cure  Hhould  l»c  taken  that  all  sapei 
fluotis  water  is  removed  as  quickly  as  possible  from  all  (xtrls  brioi 
dei'ks,  !>inee  one  of  the  cardinal  directions  is  to  keep  dry,  for  dan 
8hi[»  arc  notoriously  unhcnUhy.  The  dampness  that  cimdeniMM  froi 
the  moist  air  u]ion  the  surface  of  metal  plates  and  overhead  Iteania  fl 
a  Koiirce  uf  great  annoyance  from  it«  conatant  dripping,  and  kM>ps  u 
a  continual  dampness.  This  can  be  remedied  only  by  slieathing 
coverings  of  iKm -conducting  material  such  as  granulated  cork  or 
bcstos  fiber. 

The  most  difficult  parts  to  keep  in  even  fairly  sweet  condition  at 
the  bilges,  in  which  collects  that  most  disagreeable  and  offensive  liquj 
knowo  88  bUgt  water,  the  internal  drainage  of  the  ahip,  much  of  wbivl 
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i  iroodeii  thip«,  1«AkB  ftwm  witltnnt  iiiwiml.  lhn>ii);h  ihi;  8«nms.  The 
iSagastiDf'  odor  of  biljj^  n'»U>r  is  due  to  the  decompomtiun  of  the  or- 
ganic mat  tors  present  and  to  the  redtictlori  of  siilpliatos  of  I  he  wilt  wnter 
toMilphideii.  The  hil^-s  rc^iiirf  pvriodioul  piinipiug  and  are  connected 
for  this  reason  with  pumpa  known  a»  bilge  puraps.  The  hilge  water 
Rmoved  is  diiicharf^l  into  the  sea,  nnd  after  rctuuvnl,  the  bil);c»  »rc 
flnsbeci  out  with  clean  seu-wuler  and  again  pumped  out ;  sonietiiiiea 
they  arc  regiilKriy  cIa)doriKul  nnd  disinfwtcd. 

Xext  in  imiMjrtancc,  m\  account  of  their  comraonly  unwholesome 
oouditinn  and  the  diflicsnity  with  whicli  thvy  tm  mudi-  Hoan  and  kept 
K>,  an:  the  peaks.  In  small  vessels,  the  fore-peak  very  commonly 
ransm  fouling  of  the  air  of  the  crew's  quarters  in  tin;  foreeaslle. 

Kn>m  n  hygienic  xtaudpuint,  the  stoke  holds  of  steamers  arc  of  great 
importance,  for  here,  in  a  very  reatri«t«d  space,  exposed  to  exeeasivc  heat 
from  th<!  fHrnnci-s,  iht;  slokvrM  |K.Tform  their  exhatieting  office.  The 
tar  of  the  «toke  holds  is  commonly  not  only  exc-e.isively  hot,  hut  exceed- 
ingly fold,  and  these  conditiniw  CJin  be  abati-d  only  by  prO|K"r  vvittila- 
tion,  which  may  be  secured  either  by  means  of  meclianical  appliances  or 
wimLiailit. 

Water-closets  and  latrines  should  be  of  as  simple  a  type  as  possible 
and  capalde  of  effective  flushing.  The  jtoil  pipes  may  discharge  above 
or  below  the  water  line.  Whert^  closets  must  be  located  below  tiie 
water  line,  s{>ecial  pumping  arrangements  are  provided  for  their  empty- 
ing aiid  flii)«hiiig.  Their  placing  dillers  acconhog  to  the  siw  and  char- 
acter of  the  ships.  Latrines  for  the  crew  are  placed  forward  and  coni- 
pleti-ly  dispiinnectcd  from  tho  furecnstlf.  Tlicy  are  supplied  at  the 
rate  of  mit  le«i  than  three  for  every  hundred  men.  Urinals  arc  com- 
monly a  source  of  great  nni!*anix>  and  hen*f  rci|uire  extra  eniv. 

On  passenger  ships,  three  closets  should  be  provided  for  every  hiin- 
di«d  persona  carried,  and  they  should  be  so  located  with  reference  to 
slreping  ipmrtent  that  they  nmy  not  give  rise  to  nuisance. 

Whenever  weather  and  other  circumstances  permit,  all  bedding 
ekonld  be  thomughly  aired,  each  arliole  being  hnmght  tip  from  below 
and  exposed  separately,  fastened  to  the  rigging  or  upm  the  girt  lines. 
Hammocks  should  be  thoroughly  eleanixl  and  drii'<l  iiiidiit  onee  in  every 
fortnight.  Blankets  should  he  washed  with  soap  nt  least  every  six 
montlts;  hammocks  and  all  articles  of  bedding  should  be,  when  prac- 
tJcablVf  esp<Med  tor  jiart  of  each  day  to  the  direct  action  of  tlic  sun- 
light. 

Fur  methtxls  of  disinfection  and  gouoral  cleansing,  the  render  i»  re- 
ferred to  the  chapter  on  Qtiarantine. 

Fenu>tial  eU-aniiness  of  the  men  is  of  even  greater  imjKirtanre  than 
deaoltDess  of  tlieir  surroundings,  and,  indeed,  the  two  go  hand  in 
hand,  for  men  of  cleanly  habits  will  not  permit  their  surroundings  to 
be  otherwise  than  wholesome,  and  Ihone  who  nr«-  not  naturally  *o  in- 
cline^l  must  he  required  to  keep  themselves  clean.  Each  man  must  he 
alloweii  a  sufficient  supply  of  fre--«h  water  daily,  and  the  iiew-ssary  ap- 
pliances for  washing  must  be  provided.    In  navies,  the  washing  of  tlie 
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person  is  commonly  made  s  part  of  the  routine.  Special  provision 
for  the  care  of  the  person  Is  required  for  those  who  have  the  dirtiest 
work  to  perform,  namely,  the  firemen  and  stokers,  since  their  occupy 
tioD  precludes  the  use  of  much  wearing  apparel  and  the  air  of  the  place 
where  they  work  is  laden  with  coal  dust  and  so  hot  that  their  bodies 
are  constantly  bathed  in  perspiration.  Short  bathtubs  of  galvaaixed 
iron,  a  sufficient  number  of  wash-basins,  and  a  reasonable  allowance  of 
water  and  soap  should  be  provided.  Given  the  conveniences  and  en- 
couragement to  make  use  of  them,  the  chances  are  that  they  will  be 
appreciated  and  freely  used. 

As  is  the  case  with  soldiers,  it  is  of  very  great  importance  that 
sailors  should  be  kept  busy  and,  at  the  same  time,  should  have  suf- 
ficient time  for  relaxation,  which  they  should  be  encouraged  to  spend 
in  such  pursuits  as  will  best  conduce  to  the  promotion  of  cheerfulness 
and  the  preventioa  of  ennui. 


CHAPTER  XII. 
TROPICAL  HYGIENE. 

THE  SOLDIER  AND  THE  OXVXLIAN  IN  THE  TROPICS. 

Tub  following  pages,  doaling  with  Jiygiene  in  tlie  tropics,  iiavc  greater 
general  applicability  lo  the  life  of  clviliuns,  who  have  a  wide  choice  in 
their  moiio  uf  life  ami  distribution  of  their  time,  hut  the  main  priiici- 
plea  are  equally  applicable  to  the  life  of  the  soldier,  even  though  his 
liU-rty  of  action  in  the  following  of  his  own  incliuations  is  very 
greatly  restricted. 

It  i«  a  very  common  miHtake  among  persons  in  temperate  climates 
to  snppOBU  that  the  ehungc  to  n  tropifjil  idiniiilc  mennis  chiefly  a  siidtlen 
AOCWS  of  heal  and  that  it  is  simply  this  increased  heat  which  one  has 
to  eoii%t<Ior;  btit  it  h  not,  08  a  rule,  tht-  actual  tcniiK'ratiire  which 
affectfi  the  ind!vi<lual,  for  in  the  Xorth  wc  nmy  have  for  days  at  a  time 
a  higlivr  toiii|>erature  than  obtains  customarily  in  some  partj«  of  the 
tropicfi,  witliout  sufferiujf  in  the  sunic  way.  The  principal  difference 
lie*  in  the  *-xcessive  trojiical  humidity,  but  tropical  climates  are  not 
equallv  humid,  somu  being  excceilingly  moist,  and  some  exceptionally 

do-.  ■ 

In  some  part*  of  An»tralta,  for  example,  the  climate  is  exceedingly 
dry  and  tlie  tempemlure  is  very  high,  and  yet  there  Is  much  lesa 
liability  Ui  MinArnikt-  and  heat  apoplexy  than  in  some  part^  of  India 
whe^  the  temperature  is  let^s  high,  but  the  atmosphere  exceedingly 
humid.  Since  all  hot  climates  are  not  alike,  the  mode  of  life  also 
varies,  and  in  any  case  it  is  necessary  to  take  into  coDHidenition  the 
special  loisil  characteristics  of  climate  and  the  methods  of  life  followed 
by  the  natives,  and  if  one  takes  cnrc  lo  adapt  hiit  clothing,  his  diet, 
and  [tersonal  habits  to  the  conditions  which  surround  him,  life  in  the 
tropica  may  he  bwirable,  vveii  if  not  thoronglily  enjoyable.  On  tins 
point.  Dr.  S.  O.  L.  Potter,  U.  S.  V.,'  writing  on  the  spot,  says :  *'  If 
people  can  take  rcawnable  care  of  ihemselvc!*  and  do  not  give  way  to 
excessee  in  any  form,  drink,  eating,  or  working,  they  will  live  as 
bcitllhily  in  Manila  a-s  in  New  Orleans  or  St.  Loub  or  New  York." 
Sat  they  cannot  withstand  the  cfTetrtn  of  any  tropical  climate  for  long 
'VitbouL  an  ooca-iional  visit  to  the  Temperate  Zone,  for  prolonged  reai- 
^Qoe  brings  aUint  an  nndonbted  deterioration  of  the  s>-8tcm  in  spito 
of  all  poitsible  care. 

According  to  Freeman,'  Europeans,  after  some  year*'  continuous 
Raidence  in  a  hot  conntrr,  degrneratc,  losing  ener^,  iniUative  and 

'Note* on  the  E^UippinM,  Pliilmletphia  Mtdiiul  Jutinial,  April?,  lUOO,  p.  803. 
■  Tb«  DaniUiinn  ot  ItriiUh  Troopa  in  India.  London,  199S. 
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memorr,  which,  from  a  military  point  of  view,  is  not  compensated 
by  iliinliiislut)  liiibilit}'  to  dt«eA«e.  Hcnc«  the  ni-cc^^ity  of  furii 
at  stated  iaterx'als.  PotttT  says,  "  Many  of  our  older  oSi«Ta  itave 
iiiKK'rgone  a  proo»fi  of  rapid  aging  ln-n-  witltniil  niiy  do&nilc  ailmmt 
to  account  for  their  condition.  They  simply  prow  thinner  and  thianer 
day  by  day,  running  down  gradually  in  phvMcal  ^Ircn^h  U8  c-inaciati 
goes  on  until  Itnnlly  the  Gl-uituI  takes  pity  and  sends  them  home." 

According  to  a  number  of  observers,  the  body  temp«rsturv  of  i; 
arrivalt  in  hot  t-liniult)'  'n  appreciably  elevated  (0,4— 0.1>  degree 
abox'e  the  normal,  and  ander  mme  conditions  of  high  temperature, 
Aiiicc  (lie  body  cannot  nidiat«  li«nt  to  hotter  ourroundiog  air,  the  body 
temperature  may  run  as  high  as  102°  in  health.     The  body  14  (ti«n 
de|>en(lent  chieHy  n{xin  evajMtration  from  thi-  Ktirfitcc  for  the  keeping 
down  of  tliL-  tempcniture  as  nearly  as  jMssible  to  normal.      Hut  when 
high  temperature  is  conjoined  with  high  humidity^  Uh-  didicutty  anJ 
di»eomrort  i/m  much  increase*!.     Continue<l  moist  heat,  through  its  in- 
fluence 00  metabolism  and  the  variotis  functions  of  the  body,  cauMs 
jireat  ni-rvou8  exhaustion  anil  jrencnd  deterioration.     The  respiration  is 
depressed,  the  force  and  rate  of  the  pulse  lowered,  th(-  mina  bcciiuia 
idle  and  dulled  ;  the  »w«fll  \t  doubled  in  amount  and  thirst  incresMd 
in  jiruporlion ;  the  digestive  function  is  weakened,  and  apix'lile  for 
even  the  lessened  necessity  for  food  is  diminithcd  nnd  retjnires  coniiiut 
stimulation.     The  body  loses  in  weight,  and  both  body  and  mind  it 
energy. 

Dr.  Fcilcrioo  MonUddo,  of  the  Spanish  Xavy,  in  a  practical  \aiiAr 
book '  written  for  the  use  of  Europeans  intending  to  vi»!t  tl>e  SpaniA 
colonics,  piiblislKtl  Jiii^l  prior  to  the  oulhreak  of  our  war  with  Spio, 
urges  upon  thow  who  are  not  sure  of  the  soundness  of  their  IwaWi 


the  neces-sily  of  submitting  themitclve^  fur  thorougit  physical  examiu-, 

lome,  may  de^'elo^  i^ 
the  tropics  into  a  trouble  not  easily  managed.      Hotter,'  al«o,  on  tin) 


tion,  sinee  a  trivial  ailment,  easily  oon«cted  at  home,  may  de^'elo^  i 
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latter  point,  remarks  :  "  It  is  all  very  nice  as  long  as  one  is  well,  tut 
those  who  get  sick  don't  easily  recover  here.  Convnleaccom  b  Toy 
slow  anil  very  difficult." 

And  again,  "the  general  climate  of  these  islands  b  not  itemkJuDt  for 
those  who  arc  able  to  avoid  exjxwun',  but  wheii  broken  down  by  htrf- 
ship  or  incidental  disease,  complete  recovery  is  doubtful  and  connle*- 
cence  is  very  slowly  esliiblished."  Riirot  and  I^mnd,'  also,  layrtrai 
on  the  necessity  of  selection  of  healthy  individuals  for  service  ia  ike 
tropica,  saying  that  if  the  soldier  ia  too  young  or  if  hie  coastitulioa  ii 
not  stron);,  he  will  be  an  easy  prey  to  disease,  while  if,  on  the  ooniniTi 
lie  has  been  carefully  selected  in  the  light  of  the  peculiar  conditMU 
and  the  demands  upon  hia  atrenf^h,  he  will  be  better  able  to  twA 
morbid  inSucnccs. 


'Onw  Ptactica  llii[ijnini  y  M&lim  il«l  Kuropeo  en  Im  PaftM  Tbniiki  ll 
Oafa^  Fucno  Rico,  F«niai«lo  [>6u.  iic ).  MiulriG.  1898,  p.  19. 
*l«M  clUki. 
*  tl7f  ieav  <lu  Soldal  soiia  les  Tropiqaes,  Paris,  1S9S. 


THE  SOLDIER  AUD  THE  CIVTUAN  IN  THE  TROPICS.       Wl 

Dr.  Lucca, '  speaking  from  an  experience  of  a  numljcr  of  years  as  a 
military  aiirgtion  in  Ilonieo,  ur^es  tlie  excroinc  of  great  care  to  enuirc 
Uu-  licnttii  of  troope  on  tran!«]K>rt6,  eo  that  they  may  not  he  landed 
already  siok  and  wt-ak  and  ready  for  ahipnit^nt  home.  liaAch  *  advifW-;* 
all  who  lire  prone  to  nervous  disonler,  those  iilrciuly  siitTering,  and, 
above  all,  epileptics  to  keep  away  from  the  tropica,  and  Maoleod*  offcra 
the  (Eiine  advice  to  anyone  whose  hwirt  and  biootl  vessels  arc  not  wholly 
normal. 

It  U  abo  well  to  clioise,  if  possible,  the  best  time  of  year  for  landing. 
Tbcn.'  arc,  it  ia  true,  only  two  seasons  in  the  tropics,  the  dry  and  the 
rainy,  but  there  are,  nevertheless,  transition  periods  of  greater  or  less 
dnnitiiin. 

BMideoce. — If  one  hat  »  choice  in  the  raatt«r  of  residenee,  it  is 
well  to  Ih-  ciiutioue  in  it^t  exercise  and  to  begin  on  high  land  and  away 
from  tile  coa^t.  The  Engliith  have  long  recognized  the  necessity  of 
sending  thoii-  suldieni  inland  and  to  the  hills,  when  military  roquirc- 
nents  are  not  opposed.  After  getting  somewhat  accustomed  Ui  new 
oonditionfl,  the  lower  ]«irt«  and  the  coast  may  Imj  gradually  ventured 
Dpon. 

Id  some  parts  of  the  tropics,  it  is  customary  to  leave  sleeping  apart- 
mcfila  ojK'n  <luring  the  day  and  closed  at  night,  but  in  others,  the  con- 
trary is  the  rule,  the  doors  and  windows  being  close<i  by  day.  Tlie 
best  Kinn  of  bed  is  that  made  of  not  too  heavy  iron,  wit!)  a  frame  or 
other  device  to  support  a  raoaqiiito  bar.  The  bed  should  be  placed 
Bvay  from  the  wali#  and  out  of  dniiightft.  The  legs  should  stand  in 
small  vcHscU  filled  with  water,  in  order  to  keep  away  small  crawling 
insects.  If  in  the  cjumtry  and  neither  ImiI  nor  Immmock  i^  to  \k  had 
aod  one  is  obliged  to  sleep  on  the  tioor  or  ground,  a  rubber  or  other 
fratcrproof  sheet  or  a  dressed  hide  should  be  .spread,  and  the  body 
■hould  be  well  protected  against  condensing  moisture  and  troublesome 
inseota. 

Habits  of  Life. — All  authorities  agree  in  nt  least  one  giartieular,  and 
that  is  in  urging  moderation  in  all  things — diet,  drink,  work,  exercise, 
dress.  The  diet  must  be  chosen  wilh  care  and  iced  drinks  taken  in 
gnat  moderation,  if  at  all.  The  clothing  must  be  chosen  with  judg- 
ment, both  as  to  pmtceciou  from  the  beat  of  the  sun  and  against  ebill- 
ing  iif  the  l>ody. 

Work  must  not  be  excessive  nor  should  it  be  performed  in  ihe  sun 
during  the  hottest  part  of  the  day.  Montaldo'  advises  one  to  rise 
with  the  sun  and  take  a  quick  cool  bath,  and  then,  after  a  very  light 
breakfast  of  coffee,  t«i,  or  chocolate,  with  a  lillle  brwid,  to  attend  (o 
wliiU"-ver  duties  one  has  to  perform,  until  about  10..'iO  A.  M.,  when 
luncheon  may  lie  iiml.  This  should  nut  be  heavy  as  to  foiid  or  drink. 
The  latter  may  consist  of  a  Uttle  water  witli  claret  or  lemon  juice,  or 

'  Eiai^  BcaicrlninKcn  uWr  AotTlIniatUniion  tiod  I/^boninil«nTrapcn,  Ilniiich.  1808. 
'  Allgvmein*  Ktlwclirifl  Tiir  lytotiinirit,  IHC'T.  ji.  T4n. 
^' Joarnsl  oT  T^plcaJ  Mvdiciiiv,  Vol,  I.,  Nu,  I. 


643 


TBOl'iCAL  UTGIEHE. 


tea  or  oofToc.  If  one's  work  is  out  of  doors,  it  sbnald  not  be  rtMUoed 
before.  :t  in  tJieafleniooo.and  in  the  mcnutimc  one  should  rest  indoon. 
After  6.30,  a  iiiihsUntial,  but  not  too  beatrty,  dinner  nlioald  be  taken, 
observing  tbeeanie  moderation  in  tlK  rantb^T  of  drinkini;.  One  ehoold 
iH'Vcr  go  ont  vrilli  an  empty  stomach  nor  do  work  immediately  after  a 
meal.  After  dinner,  a  volk  or  some  fonn  of  rocreatiou  nntil  10.30  a^ 
therrabouta,  which  in  the  proper  time  for  retiring.  ^| 

One  is  stmnply  ailvi^il  not  to  ox|>i>*<-  one's  self  to  tlie  (-ool  vsXtrm^ 
night  air ;  to  avoid  cold  bathing;  and  cold  drinks  while  perspiring ;  am) 
Mpvcially  to  avoid  standing  for  a  long  time  in  tbe  shade  in  gameuld 
wet  with  perspiration.  If  one  is  oompcUcd  lo  be  exposed  to  the  sun 
for  long,  the  protection  aSiirded  by  umbrellas  and  colored  sjiectacla 
against  heat  and  glare  slionhl  be  sotigbt.  The  conxcqtMncc*  of  expo- 
wire  may  be  exceedingly  j^vere  or  even  fatal.  There  are  varioas  tarns 
of  what  arc  commonly  known  ««  sunstroke  and  heat  ajHiplexy,  A  vwy 
common  form  is  one  of  syncope,  brotight  on  by  overexertion  in  tlwifi- 
rvct  «tinli|^it  or  even  within  doors  by  one  already  in  a  depn«»cd  txm- 
dilion.  "the  akin  is  moist  and  clammy,  tbc  pailsr  very  feeble  and  alaxM 
iniperLi^|ililile,  the  mu^eiilar  power  almost  oomplett^ly  Vvn.  iJeath  atj 
occur  by  cardiac  failure,  but  recovery  under  appropriate  treatment  it 
the  general  rule.  .\not])er  form,  due  to  direct  action  of  the  !<un*s  n^ 
on  the  bruin  and  eonl^  is  in  the  nature  of  a  very  sudden  severe  hIxis 
affecting  the  respiralori-  and  eardiac  centers  and  very  commonly  (loiddy 
fatal.     Coinplc-u.  ix-ctivery  is  rare. 

A  thinl  form,  commonly  known  as  heat  apoplexy,  is  due  toexponn 
to  constantly  hi^  temperature  not  necessarily  involving  direct  ex- 
posure to  tlH-  sun,  and,  in  fael,  may  occur   in  cloudy  weather  amltt 
niglit.     The  whole  IhhJv  beeomea  overheated  and  the  temperaturew? 
exceed  1  tO"  F.     The  skin  is  geuemlly  <lry,  though  si>nielim(«  *K*9l;  ■ 
the  pulse  full  and  regular  or  small  and  imgular ;  respiration  UbMtd^| 
There  i*  iiil<iisc  n-stlcssness,  am)  epitcpiifi-rm  convulsions  may  iiq«''^( 
vene.     These  cases  are  frequently  fatal,  and  if  recovery  occurs,  it  i«  11:4 
complete.     In   India,  aceonling  to  h'Vci-man,'  heat  apoph-xy  ajMi  s«B- 
slrokc  occur  usually  toward  the  end  of  hot  weather,  alliiwigh  (Ik- niii^ 
day  sun  is  >4trong  enoiiglt  in  moHt  places  to  cause  severe  headache,  if 
nut  sunstroke,  tltc  year  round. 

For  the  avoidance  of  sun.4troke,  in  addition  lo  having  proper  hiid 
covering  and  umbrella,  IJk*  iwck  and  spine  must  l>e  prii|HTly  pniMrtpi 
from  the  sun's  rays.  The  double  pleat  in  the  back  of  the  Nor^E 
jacket  is  iutemltHl  a<  a  prot«:tion  to  (he  spine.  A  few  green  leave*  ifl 
tiie  hat  are  sometimes  conducive  to  eomforl. 

The  commonly  given  advice  to  follow  the  customs  and  habits  of  dx 
natives  in  rwpcct  to  diet  ami  physical  exercise  can  be  acccjiteil  <inl>' '" 
part,  for  the  native  of  the  tropica  Ls,  as  a  rule,  a  lazy  individual  nbo 
nwrely  existts ;  the  wt-ar  and  tear  of  his  system  rvqiiire  but  little  in  ^ 
way  of  repair  and  lib  food  is  of  the  simplest  kind  ;  he  has  no  ambi- 
tion and  no  desire  to  hoard  up  u  fortime  which  h«  cannot  OM.    Bol 

■  Jovnwl  of  T^opie  d  UedMw.  Vol.  T.,  No.  I. 
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hit  indnlence  and  our  lijgli-pmuurc  \\k,  tli«rc  is  a  liappy 
,  especially  in  the  tropics. 

Diet. — ^Tlie  (jueslioii  of  di*?t  in  tli^  trnpics  is  a  very  uprioiiR  on«,  for 
CTTun  mny  be  fallovrt-d  by  dtiiaHtrutis  results.  Since  prolonged  heat 
exerts  an  unfiivorable  inlliionc<!  on  digestion,  this  function  flhould  not 
be  miKli:  to  Itcar  loo  liwivy  a  bnnleti  and  it  becomes  ncceasary  to  rc- 
stnct  the  diet  in  several  ]jarticiilar8.  No  more  food  aliould  be  taken 
than  can  Ix:  nomfortjibly  dij^sti'd,  for  bolli  dysctiter}'  niid  diarrlura  iire 
fii\-ored  by  the  irritation  caused  in  the  inte-itinoji  by  food  partially  di- 
gested or  undergoing  formcntwlive  prouewe*.  But  tlio  chaiigi-  from 
the  aocustomed  diet  must  not  be  made  with  too  great  iibruptuesa. 

The  natives  depend  chiefly  n\tfm  a  vcj^i-tabU-  diet,  in  w!ii<li  ri<'e  and 
beans  and  fruit«  of  all  kinds  play  prominent  parts.  Meut,  if  eateu  at 
all,  ia  taken  usually  in  very  amall  ({uantili^-s.  Ana  rule,  in  hot  climates, 
h  is  not  tender,  for  it  cannot  be  hunj;  days  and  weeks,  as  with  us,  to 
ripen,  but  muflt  be  (x>oked  and  eaten  within  a  very  few  hoiirn  aAer 
slauglitering.  Fi»^h  must  not  he  used  unlc^  very  fre«h,  nud  shell-fish 
of  all  kinds  should  be  avoided.  Fresh  milk  is  ordinarily  not  to  be 
bad  rir,  at  len-nt,  is  diftit^iitt  to  obtain.  It  sjKvdily  sours  and  beoonics 
unfit  to  drink.  Condemned  milk  of  good  quality  is  more  to  be  de- 
pended upon.  V'ep- till  lies  must  Ik'  thoroughly  oookiil  or  they  will 
tenou>ily  tax  the  <ligeslive  organs.  Fruits  must  bo  perfectly  ripe  and 
•onnd  ;  over-rifieness  Li  (piite  a»  objectionable  as  greenneso.  Overiu- 
dulgcnco  in  fruit,  cveu  of  the  best  quality,  and  especially  in  the  sour 
fruits,  K  particularly  to  be  avoided. 

T«i,  wfli.r,  and  chwolfite  are  advise*!  in  modcmtion.  I>inii!  jiiioc 
with  water  or  cold  tea  makes  a  most  refreshing  drink.  Tamarinds  to 
water  :iri-  also  (nost  frrateful. 

If  alcohol  in  any  form  is  desired,  the  light  wines  diluted  with  water 
an'  r<NX>mmende<l  more  highly  than  beer.  Spirits  are  generally  con- 
demned, but  there  appears  to  be  no  good  and  valid  reason  why,  when 
verj'  largely  diluted  willi  niiier  or  soda  water,  they  should  exert  a  more 
pernicious  influence  than  wine  only  moderately  extended.  In  any  event, 
alrohol  should  be  taken  only  with  food. 

The  086  of  Alcohol  in  t&e  Tropics. — Writers  on  tropical  hygiene 
■re  almost  unanimous  in  the  opinion  that,  whatever  may  be  said  for 
■oil  against  the  use  of  aloi>hoIie  diinks  in  other  diiiiules,  their  u«e  in 
tbe  tropics  constitutes  a  distind  danger,  and  that  much  of  disease 
commoidy  altrihnU'd  to  climate  is  due  actually  ti.i  alcohol.  Rspectallj 
ia  this  true  of  the  various  renal  and  hepatic  troubles.  According  to 
Tn-ille,'  the  tilnmr  of  alcohol  is  the  ehief  cause  of  the  frequency  of  dis- 
eases of  the  liver,  not  alone  among  visiting  Europeans,  but  among 
natives  aa  well. 

Dr.  Clir.  Kaseli,'  sjienking  of  the  futility  of  talk  about  Ruro[)ean* 
getting  accustomed  to  continued  high  teni)>eratare  with  high  humidity, 
aod  describing  the  various  steps  in  physinil  and  mental  deterioration, 

■PriucipM  d'HvKivriv  Colunirtlf.  Pdrii,  IHSfl,  p.  572. 
'Allfwaeinc  Zeiuchrift  fiir  ISjioliialrift  1897,  p.  745. 
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to  oounternct  which,  nne  turns  to  alcoliol  and  other  utimulanlv, 
that  these  together  wtlh  insoninla  and  enforced  lack  of  cxertiee  bring 
about  a  general  atonic  LtittdilioD  or,  in  oth^^r  word.4,  a  lowered  pliv^it^ 
lofpcal  resistance  to  di«eii«cfl  in  general.     l>r.  Breitcustcm, '  who  fur 
yearn  ierved  as  an  army  sutgeon  in  the  Malay  Archipelago,  ^tm  i 
his  opinion,  based  on  long  ulis(^r%'atioi),  that  totnl  nlwiint-iicc  from  ili 
hoi  is  far  preferable  to  even  the  most  moderate  indulgence. 

A  n-ritcr  in  Manila  has  ]>oin1e<Ily  rcDiarkiHl  4^i>i)4H-min^  the  h<«lth 
of  the  American  troops,  "  It   is  not  eo  much  the  climate  as  the  giss 
bottte  which  injure*  people  out  Itere,"  which  Htalemcnt  in  oorruboraled 
by  another  who  liad  K>en  actual  service  a»  a  member  of  a  company, 
many  of  wliosn  mt^inWrs  were  total  abstainers  and  the  rest  ruade  up  of 
moderate  drinkers  and  lho»e  prone  to  exeessc3>,  the  latter  coustiluting  30 
to  'Ih  jwr  cent,  of  the  whole.     Of  the  latter  claas,  only  two  returned 
>K>me  in  approximately  the  eanw  condition  of  healtli  which  they  enjoyed 
at  tljc  time  of  enlistment.     Of  the  moderate  drinkers  who  coofiwd 
the(iuu-Ive»  to  mull  lii|uoT«,  •  targe  niojoHiy  HufTtred  j^rt-jiter  or  le«<  iia- 
liairment  of  general  health.     Rot  the  total  abstainers  returned  nlcnnft 
to  a  man  in  exeellent  health,  having  endured  (be  ^mc  hard.-Jiip»  of  u 
active  campaign.     The  same  correspondent,  spenking  of  the  far  grcsttr 
harm  induced  by  the  Htronger  alcoholic  drink^  relates  that  he  had  n- 
{teateilly  nvt-n   Aniericsn  soldieis,  after  s{)eitding  H-vcral   iHHirs  ODder 
aliclter,  drinking  round  after  round  without  perceptible  harm,  lall  otw 
with  all  tliv  iiym])toms  of  sun^trokv  as  eoon  as  they  stepped  iuto 
glaring  rays  of  the  hot  sun. 

On  the  other  luind,  in  0|>]Ki»itinn  to  the  general  opininn  tiAvtm 
even  the  moderuie  use  of  alcohol  iu  the  tropics,  Dr.  C.  E.  WoodmC 
IJ.  S.  A.,  afler  a  careful  survey  of  the  conditions  obtaining  in  the  Pbil- 
ip]iiiivs,  declares  that  lie  would  change  the  statement  in  the  i;t«nl 
order  from  head<iuarters  of  tlie  army,  July  2,  1898,  "The  hiato»y*f 
otJier  armitsi  linit  deuion^lrnfcd  tlwt  in  «  hot  climate  abstinenof  ffta 
the  use  of  intoxicating  drink  is  essential  to  continued  health  amii-ffi- 
cieDcy"to  "  KxiK-rienee  bos  d emu iirit mini  lltat  in  u  hot  climate  |K( 
mo<)eratc  use  of  intoxicating  drink  is  essential  to  continued  heallli  sod 
efficiency."  He  claims  (luit  the  alnuist  nnivereal  drinking  must  nioo 
a  natiiml  defensive  craving  occasioned  by  the  terrible  nervous  cxhatif 
tion,  a  true  neuranth<;nia,  dm-  lu  lunfr-oou tinned  exjiosure  to  great  betl 
and  atmosplicric  humidity,  indicating  that  waste  is  greater  than  repair. 

He  asserts  that  men  who  want  rw  alcohol  at  home  have  this  dcfen- 
8i%-e  craving  f;>r  it  in  the  Philippines,  ami  cites  Sjidiniith  antlwrity  lti»t| 
a  daily  ration  of  wine  lias  been  found  neecssari-. 

Whisky,  when  sutlicii-nlly  dilutcil,  t.-'  ilic  e<|ui\'alentof  wiiK-,  and  tlwl 
Scotch  varirty  is  rcgnnled  by  him  as  superior  for  the  purpose  to  Xnvx- 
kan,  whieli  soon  occasions  nausea,     lleer,  by  reason  of  being  condurit*' 
to  colic,  diarrhiea,  headache,  lose  of  appetite,  and  general  dislrciH,  hfll 
regard.-*  as  distinctly  liarmful.     While  advocating  the  motiavit  wt  <>fl 
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alcohol,  he  believes  that  the  results  of  nbuse  nrc  fnr  moro  svriouH  thuu 
at  home. 

Conivniing  beer  in  the  tropica,  tluTO  is  hukiIi  'livurgence  of  opinion, 
6ome  rt^rding  it  aa  a  valuable  safeguard  against  abuse  of  stronger 
alcoholiut,  otbere  aurccinK  witti  Wnodriiff  llmt  it  in  Immifiil.  It  is 
said  that  th«  drinking  of  much  beer  followed  by  heavy  sleeping  pre- 
diK]Mi»c3  to  sun«tn»ke  and  brat  H|HipU'xy. 

Olothiag. — One  is  advised  to  take  plenty  of  light  cotton,  linen,  nnd 
nKTinx  iiiidiTweiir,  a  gpnerons  assortment  of  tniusers  and  ooata  of 
white  duek  or  flannel,  and  light  merino  st<^>eking».  High  boots,  well 
mled  and  with  hob  nntl.t,  laoed  boots,  leggings  of  cloth  and  leather, 
and  light  foot  wear  for  indoor  and  city  uso  iilioidd  be  inchidcd.  Light 
waterproof  on ter  garments  with  cape  and  hood  are  recommended,  and 
for  protection  against  the  snn,  whltt-  und>ri.'lia«  lined  with  lilne  or 
green  material,  and  spectacles  with  green  or  blue  colored  glasses, 

TIk'  Iw-ad  covering  ^honld  be  sclcetotl  with  iho  doiibl*^  conMiiler.ition 
of  comfort  and  protection  for  the  bead  and  neck.  The  mati^'rial  of 
which  it  is  mndv  must  be  chosen  with  regard  to  local  climatic  i^n- 
ditions.  In  n  particularly  dry  hot  climate,  for  instance,  pilh  Is  the 
most  suilabb-  material,  being  lighter  than  either  cork  or  felt,  but  a 
hat  made  of  this  material  is  absolutely  worthless  in  a  wet  climate,  since 
on  being  exposed  to  rain  it  absorbs  water,  liecomes  exceedingly 
bMvy  tlicn-froni,  and  Iwc-omcn  Rtluci-d  to  a  worthless  i^luipeWs  pulp. 
Hats  should  be  pro)>Gr]y  ventilated  in  the  crown  and  there  should  be 
a  generous  spaa-  for  the  free  pii:<sage  of  nirl>elwe<'n  the  head  baud  nnd 
tbe  inner  side  of  the  hat ;  that  is  to  say,  the  head  band  should  be  fas- 
tened to  the  crown  of  the  liat  only  at  a  limited  immbi^r  of  point.H  niid 
wilh  intervening  small  pieces  of  wood  or  olhcr  material  so  that  the 
band  shall  keep  it.t  pro(x'r  shape.  All  head  covering  of  whatevi-r 
foriD  sliould  afford  proper  protection  for  the  sides  of  the  head  nnd  the 
ears,  as  well  as  for  the  front  and  l>ack.  A  puggery  affords  additional 
protection. 

The  brim  of  the  bead  covering  should  be  lined  with  some  material  of 
a  bluish  or  green  color  a«  a  relief  to  tlie  evej«.  The  onti<ide  should  be 
light  in  color.  The  head  band  is  mudeof  leather  and  is  easily  saturated 
wilh  perspiration,  and  then  hardens  on  drying;  while  it  is  wot,  it  is 
«xe<'C"iiogly  uncomfortable.  If  covered  with  fine  flannel,  it  will  be 
foun<l  to  be  much  more  comfortable. 

.lacketJt  and  other  outer  gnrnicnts  should  afford  perfect  freedom  of 
action  ID  both  riding  and  walking.  The  Norfolk  jacket  is  a  favorite 
form  and  rosy  be  made  of  duck,  klinki,  or  similar  materinl.  It  is 
well  to  leave  a  few  inches  of  the  arm  si/o  unstitched  for  the  sake  of 
ventilation.  For  shirts,  a  mixture  of  Mtk  and  wo<il,  known  us  kiisbmir, 
IS  rvgiinh-il  n»  the  Ix-st  material,  being  ver\'  light  in  texture  and  jier- 
fectly  absorbent.  Gauze  undershirts  witli  fthort  alecves  or  with  do 
elccvcit  al  all  should  be  worn  beneath  tbe  shirt.  Elastic  cotton  and 
jean  are  the  best  materials,  so  far  a^  comfort  and  duralMlity  arc  cun- 
oemed,  for  drawers. 
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If  one  ia  to  do  much  riding,  it  is  advised  that  as  much  caro  be  < 
pendcd  in  tlie  selection  of  a  saddle  as  in  sieleciing  boots,  since  comfort 
in  boreelKick  riding  in  the  tropics  is  vary  largely  dependent  upr>n  th« 
fit  of  tli«  Middle. 

Care  of  the  Person. — TLc  irritating  cflV-vt  of  hot  tviads,  which  fm> 
<]ueDtiy  tiring  alonj:  titte  jiarticleit  of  sand  and  du^l,  and  the  ^lare  of 
the  sun,  which  conduce*  to  troubles  witli  the  eyes,  should  l>e  gnarded 
against.  The  earn,  too,  are  not  infrequently  injurifniiily  affected  by 
hot  winds,  but  they  arc  «wily  pniti-cU-d  by  cxU-rnal  coverings  or  \xf 
cotton-wool  plugs.  The  nose  and  lips  are  subject  to  cmekin^  and 
unoni  for  table  drynoM,  whidi  may  l>c  hcl[ied  by  oiild  cream  or  some 
similar  application.  The  nails  sbontd  be  kept  closely  pared,  since  they 
become  very  britth'  and  crack  off.  ^m 

The  skin,  having  a  wury  important  function  to  fulfil),  should  be  ke|| 
thoroughly  clean,  if  on  no  other  account ;  but  t>athin^  in  too  cold  watiT 
or  for  too  long  u  time  must  be  avoided.     I'nrusitcs  abound  in  tropic 
climates  and  munt  be  looked  for  on  the  pemra  and  removed  witii 
care.      AmcKi;f  IIm-sv  may  he  nicntioiu'd  the  chif^,  or  jigger,  wliieh  i 
an  exoeediugly  tioublesome  small   flea  (J<urvojia>iUa  penrlntu*)  whie 
burrows  l)«-n<-jiih  the  vkin,  particularly  of  the  feci,  and  beneath  the 
luiils.     At  first,  it  causes  only  itching,  but  if  not  then  removed,  sharp 
pain  and  inflammation  ensiuc.     A  tudf  tea.'*)ioonrul  of  flowers  of  solpbar 
iosiilc  tlic  shoe  is  said  to  b«  an  eflicicot  preventive.     Another  |Kira«tc 
of  far  greater  im]mrtance,  espocially  to  the  troo|i!4  in  the  I*liilippiry>,  ii 
tliat  wliieli  occasions  the  dhobie  itch,  which  can  be  avoided  onljr  br 
verr  great  attention  to  pcnnnal  cleanlinetti*  and  freipii'nt  chnnf;iii|!of 
unaerclothes.     It  finX  attacks  the  perineum  and  axilW.  and  vhen  ibc 
acute  stage  passes  by  and  the  innnmmation  »omewlial  jiulMidt^,  the 
Males  bfoimii'  nibbed  oil' and  reach  the  fc<-t,  where  the  trouble  sprnuls 
nipi<lly,  causing  intense  itching  with  consequent  scratching  and  the  mt 
conseqiienccii  there<if. 

Dinrrhu-K  and  consttpaliun  are  alike  to  be  avoided.  The  foriM* 
shmild  be  cliecked  at  onoe  and  on  no  acooiint  t>e  al1ou-e<l  to  cDntipuc 
without  tn^tnient.  It  is  <^aLsily  brought  on  by  improper  or  in-eo?i:<d 
foods,  impure  water,  grsen  and  over-ripe  fruit,  swiden  diange«  in  'l" 
weather,  and  intem|HTanoe.  Consli|Kition  shotild  be  avoided  bv  tht 
acquirement  of  a  regular  Itabit.  Sometimes,  a  cup  of  tea  or  oo^on 
rising  will  act  Itcnoficinlly,  and  oatmeal  and  cididm-  bread,  figs  ud' 
prunes  may  l>e  found  to  assist,  but  purgatives  and  eoemata  shiHlld 
avoided,  if  possible  lo  gel  along  witlioul  them. 

Tropical  IKseases. — U  is  beyond  the  scope  of  this  work  to  enter  '< 
upon  the  field  of  tropical  medicine,  hut  it  may  l>e  said,  in  general,  lt>( 
the  diseases  of  hot  clinint<w  are  exceedingly  varie<l.  Some  of  tlieiii  »« 
|>eculiar  to  certain  districts ;  some  are  exaggerated  forms  of  wliai  *r  ia 
tlie  Temperate  Zone  regard  as  simple  mahidtcs.  In  general,  it  mat  fee 
said  tliat  in  the  tropics  one  meets  nearly  all  the  diaeasett  of  the  Tw- 
perate  Zone  plus  a  great  variety  of  othcDf,  but  nouie  of  our  most  ow- 
mon  diseases  may  be  very  rare  in  certain  places.     Thus,  acarlet  ffwf 
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and  diphtheria  are  rare  Id  the  tropics  as  a  whole,  tuberculosis  is  rare 
in  parts  of  India  and  common  and  quickly  fatal  in  other  parts  of  the 
tropics.  Rabies  is  more  common  in  India  than  in  England  and  the 
Tictim«  are  almost  always  Europeans.  Leprosy,  beri-beri,  and  elephan- 
tiasis are  common  among  the  natives,  but  very  rare  among  Europeans. 

Throughout  the  tropics,  dysentery  hills  many  more  people  annually 
than  cholera  and  works  greater  havoc  in  armies  than  the  conteuding 
foroes.  Typhoid  fever  always  appears  sooner  or  later  in  camps  of  sol- 
diers from  temperate  climates,  and  the  new  arrivals  are  commonly  ob- 
served to  be  the  most  susceptible.  This  disease  and  cholera,  according 
to  Freeman,  rarely  occur  in  India  during  the  hottest  months,  when  the 
burning  rays  of  the  sun  act  as  a  germicide ;  but  when  the  rains  come 
and  sweep  all  the  accamulated  surface  dirt  into  the  water  courses,  they 
qaicklj  appear. 

For  a  most  interesting  description  of  the  dieeaees  observed  in  the 
tropics,  the  reader  is  referred  to  Dr.  Patrick  Manson's  "  Tropical  Dis- 
Mses."     (Second  edition,  1900.) 


CHAPTER    XIII. 


H^'GIENE  OF  OCCUPATION. 


TllR  inflticiMe  of  occopnlKm  cm  hcAlth  and  length  of  life 
the  liiitiject  of  much  inve^ugalion  since  attention  was  first  called  fcrl 
im]>ortuncp  by  Prwfcsjwr  Benmnlitx)  Kiiiniixzini,  of  Padua,  in  1700,  hot 
more  particularly  during  the  last  half  century.  Although  bis  work 
WM  anonymously  tran^lntcd  into  Kngli.sh  a«  early  as  1 705,  the  subject 
appears  to  have  been  one  that  did  not  nppcnl  with  any  special  f»m  to 
Kn^lixh  social  AcientiHis  and  medical  miti,  for  the  fintt  Kn^li.th  work 
of  any  importance  was  that  by  Mr.  O.  Turner  Thncknth.  a  practitioow 
of  Leeds,  on  "  The  Effects  of  the  Principal  Arts,  Trades  and  Profa- 
siona,  Mid  of  Civic  Sliit«  and  Habits  of  Living,  on  Health  and  Lon- 
gevity," published  in  1831. 

A  Prench  tnin^liilion  of  the  work  of  Itainaxziui  appcan^l  in  I'l 
and  formed  the  groundwork  of  F.  Patissier's  "  Traits  des  MalaJtes  i 
Artisans  et  de  oclle*  qai  liliritiltent  de*  Diverwa  Professions,  d'ap 
Bamaxnni,"  which  was  published  at  Paris  in  1822.  It  was  tran$li(ed 
early  a)i»o  into  flerman,  but  the  first  work  of  any  imixtniiriet-  on  the 
subject  by  a  Gerniiin  writer  was  that  of  Iliilfort,  "  Eut^tehniig.  V«- 
Uuf,  und  Hehandluug  der  Krankheiteu  der  KQnstler  und  Geverbe- 
trciltendcn,"  published  nt  Berlin  in  ISia. 

Since  the  awakening  of  interest  in  the  subject  in  England,  Fnuii«, 
Germany  and  other  Knni|HTim  cTOimtricH,  and  the  Unitvd  Statn,  it  hat 
been  very  extensively  and  minutely  studied  in  all  its  aspects,  and  to- 
day ita  bibliography  inetudcii  tttousands  of  tiller,  mostly,  however,  u 
would  naturally  be  supposed,  of  monogniphi>  and  memoranda  peitiiii- 
ing  to  individual  callings.  From  this  vast  araoont  of  material  fnw 
all  soiircft*,  ninm-roiH  tables  have  (M-en  constructed,  showing,  it  is  gei>- 
erally  siipposotl,  how  the  various  occupations  stand  relatively  in  iht 
amount  of  inHncnct;  which  they  exert  on  the  longevity  of  thoee  tapiffA 
in  them.  From  these  tables  it  appears,  for  example,  that  those  *lto 
follow  some  particular  calling  are  more  prone  to  contract  certain  dif- 
eoKCit  than  lliuise  en^gvd  in  attotfaer ;  that  in  cacb  hundred  indt^iiloik 
of  some  one  class,  a  greater  number  of  deaths  will  occur  in  a  year  ibtB 
in  each  hundred  of  another ;  thnt  the  average  ago  ut  ileath  of  thost  a- 
gaged  in  one  employment  is  lower  or  higher  than  tliat  of  those  is: 
other,  and  so  on. 

As  in  nil  findings  based  upon  groups  of  units  with,  jierhap^,  b«t  i 
common  bond,  each    unit   Iwing  subject  to  a  variety  of  outside  ioAo'^ 
eneeA,  the  conclusions   drawn    from   this  \'ast  mnss   of  material  u* 
largely  influenced  by  fallacy  and   include   wheat   and  chaff,  fiict  an 
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/.  Tn  many  nases,  general  Htatement-i  are  Kased  upon  such  a  slight 
fmindntlon  as  to  imlicnk-  that  tlit-ir  nuthon;  arc  possessed  of  that  de- 
gree of  g«niu8  which  has  been  defined  aa  the  ability  to  generalize  from 
s  itinglo  iiulanvtf.  In  nuiny  others,  they  ut*  haM-d  upon  fiicts  iind  con- 
ditions  which  no  longer  exist,  the  methodii  followed  in  the  manufac- 
ture of  the  luirticiitar  arliele  w>nc<TneiI  having  undergone  a  mniplefe 
change.  For  example,  a  process,  formerly  carried  on  by  men  in  small 
establbhnientH  run  by  water-power  in  ihe  country,  may  nave  been  eon- 
ceotralcd  in  lurgc  mills  run  by  steam  and  sHualod  in  crowded  cities; 
the  machinery  is  difTerent  and  more  perfect,  and  reqiilrea  nothing 
more  limn  feeding,  nnd  this  can  be  done  by  a  boy  or  nirl,  inatuid  of 
tn  adult  man.  Here,  the  older  facta  may  no  longer  apply  in  any  way 
and  for  prevent  puri)oscs  hIioiiIiI  Ix-  abandoneil  as  belonging  to  an  ex- 
tinct  occupation. 

It  i»  often  difiicull  or  impott-^ihl^!  in  the  iHndy  of  the  elTectfl  of  occu- 
pation to  eliminate  oni«ide  infiueuces  which  may  aifect  the  health  of 
the  worker  a-*  much  as  or  more  than  the  cireu instances  of  his  trade, 
A  hundred  men,  for  example,  from  difTerent  strata  of  society — some 
married,  others  single ;  some  living  in  comfiirtable  houses,  othera  in 
cheerier  unsanitary  tenements ;  some  apen<)iiig  their  evenings  in  whole- 
some recreation  amid  wholesome  surroundings,  others  doing  evening 
work  in  pbici-H  of  jtiiblic  enterUitmtent  and  elsewhere  or  upending 
lb«ir  time  and  wages  in  the  paths  of  vice ;  some  naturally  robust,  and 
Mhen  inclined  to  dirtca»i>— engage  in  (tie  same  occupation  at  the  Mime 
time. 

During  the  year,  there  is  considerable  sickness  among  them,  and 
ftome  of  them  die;  pcrlmps  these  include  mainly  young  men.  Shall 
it  be  said  wirhout  a  careful  analysis  of  all  the  circumstances  of  their 
live*  and  of  the  immediate  causes  of  their  dcatiis,  that  tiiclr  calling  is 
necenarily  inimical  to  health  and  longevity '!  This  one  died  of  small- 
pox ;  this  one  of  consumption ;  this  one  of  a  blow  on  tlic  head  while 
drunk  ;  this  one  was  drowned  ;  two  were  victims  of  typhoid  fever  and 
two  of  pneumonia  ;  eight  in  all — truly  a  large  percentage,  hnt  shall  the 
Irndc  be  blamed  ? 

Ii  must,  of  couree,  be  self  evident  that  certain  occupations  must  be 
intrin-*icaliy  diingeroiis  to  health,  licransc  of  the  miturv?  of  the  sub- 
stances with  which  the  workers  are  brought  in  contact;  and  these  are 
properly  classed  as  dangt-rous  trade's.  Many  others  are  so  classed,  not 
because  of  any  intrinsic  danger,  hut  on  account  of  the  ]>ecnliar  condi- 
tions under  which  they  are  ordinarily  carricii  on,  these  lending  to  re- 
duce the  physioiogicai  nc^istanw  to  diwasc.  fititl  others  arc  clnHsed 
as  dangerous  to  health  which  are  merely  dangemus  to  life,  the  individ- 
ual l«-ing  subject  to  niechaniail  violence  while  in  the  enjoyment  of 
perfect  healtli.  These  also  are  properly  to  lie  included  among  the 
dangeronis  trades.  But  the  gnat  majority  of  callings  are  neither  intrin- 
ncally  dangerous  nor  carried  on  under  peculiar  conditions  favoring  a 
low  atate  of  health,  yet  many  of  these  figure  in  stati.-tticul  tables  in  such 
a  way  as  to  le»d  to  the  conclusion  that  those  engaged  in   them  may 
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have  little  hope  of  green  old  age,  whilootbere  in  oocupations  of , 
cally  tlip  «me  character,  but  under  diBorcnt  name*,  give  promL«  of  a 
full  period  of  usefultMrss. 

Stuliatiod  tabie«  nf  longevity  of  groups  of  individuals   engaged  ' 
the  %'arious  callings  must  b<>  used  with  niiioh  drcumspoction  and  a 
due  r^nrd  to  llie  various  circumstances  which  detennine  the  choice  9^m 
trade,  tli«  uge  of  \\\v  individual  at   Uitt  liiui-  of  cn^ginf;  upon  it,  t^| 
leng:th  of  time  which  one  may  serve  Wfore  engaping  in  another,  the 
pvciilinr  comlitioni'  under  wliich  llie  mlliug  is  piirNited,  ami   (he  |knjt>- 
nhl«  character  of  the  in6uencee  which  alTect  the  well-lieing  of  the  in- 
dividrinl  whilo  h«>  i»  not  immediately  engaged  ;  tliat  iit  to  s»y,  hin  home 
surroundings,  hb  personal  habits,  the  nature  of  his  rcia  scut  ions,  the 
quality  of  his  foQ<l,  and  other  factors.     Tables  bx'^d  on  foreign  i4.tali8- 
tics  must,  furthermore,  \x  not  too  frcrly  acKreptctl  as  applitublc  to  home 
conditions,  owing  to  differences  in  racial  peculiarities  aod  of  conditions 
ui]<lor  which  tliote  cng;i^)  work  and  li\'e,  for  one  can  tmnlly  supini^ 
tliat  any  one  class  works  and  lives  under  the  same   conditions  in  al^ 
(jotin  tries. 

The  conditions  which  govern  the  choice  of  an  occupation  are  of  veiy 
great  importune*'.  Many  callings  demand  men  of  robust  build  and 
good  Itealth  and  are  manifestly  unsuitcd  to  the  weakling,  who  n&tur- 
ally  is  atlncted  to  other  occupations  of  a  lighter  character.  (>u  this 
score  atone,  stittistics  may  he  gtx>ssly  fallacious.  For  example,  id  cer- 
tain tnbh'^  it  will  l>e  oKnerved  that  tlte  class  designated  an  clerk.t  bare 
a  low  avemgo  age  at  death,  and  from  (his  it  inny  be  inferred  tliat  the 
railing  is  one  which  is  intrinsically  incompatible  with  long  life.  Btit 
If  it  fnitight  with  danger?  Is  it  cowlncdtl  under  pecnliar  twndittons 
which  (end  to  bring  its  unfortunate  followers  to  an  early  grave?  Or 
is  it  not  rather  the  fact  that  it  \»  the  refuge  of  a  great  number  of  those 
whose  physical  powers  are  »uch  that  they  are  unsuited  to  employnwats 
which  call  for  gr>>at<-r  rnlnistne.4s,  and  who,  inevitably  marked  for  sa 
early  death,  rcf^ardlcss  of  their  calling,  rvduce  the  average  age  at  death 
of  the  entire  class? 

On  the  oth'T  hum],  certain  occu])ations  involving  much  severe  faii»- 
oular  effoit  appear  to  he  conducive  to  long  life,  in  sptte  of  the  comli' 
tions  under  which  ihey  arc  pursued.  Here  must  Ijc  borne  in  mind 
tliat  in  these,  the  weaker  individuals  and  those  whose  powers  begin  to 
fail  are  forced  out  into  ollirr  o<X!Upations,  and  tlkat  tho.'<e  who  rvfoain 
until  the  en<l  show  un  average  itge  at  death  which  is  eloquent  of  the 
benign  influence  of  the  calling.  It  is  undoubtedly  true  that  muscabr 
effort,  carried  to  excess,  will  undermine  tho  health  ;  but  not  forced  be- 
yond roasonHblc  limits,  and  particularly  if  carried  on  under  good  bv- 
gienio  surroundings,  instead  of  being  in  itiwlf  prejudicial  to  health  ■• 
promotive  of  it.  Those  who  are  forced  into  lighter  ocoupationa  ouy 
find  the  change  udi'sntageous,  or,  on  tlw  other  hand,  entering  upon 
them  already  broken  in  health,  may  help  to  reduce  the  average  age  at 
death  of  all  those  engaged  therein. 

Another  influence  having  n  lK>aring  on  tlw  choice  (if  occupatioD  ti 


nYOIESE  OP  OCCUPATION. 


651 


tlie  high  va^  offered  to  nttract  workmon  to  tradesi  which  are  generally 
uul  propcrlj  ooDcedctl  to  be  dan[;c>roiis  to  hi^ulth.  These  lire  until- 
rally  miatiraetivo  to  men  of  sound  lv>dy  and  mind,  to  whom  lieallli  and 
life  are  sweet,  iiud  heow  they  find  their  reeriiits  ninoiig  the  brokeii- 
doHU  and  vicious,  to  whom  the  rate  of  pay  offers,  in  the  one  ca^e,  im- 
mediate niiich-iivi'<]cd  und  ot)ienvisc  im»ttiiiniibk<  finaneial  relief,  and 
in  the  other,  opportunity  for  a  short  period  of  mirt'strained  license. 

8l^li:>ti(';«  eoiiecrning  oeun  put  ions  entered  upon  at  lui  wirly  «ge  and 
IbUiiwcd  for  but  a  Hmitetl  numl>er  of  years  as  a  preliminary  training 
fax  otlier  callinga,  aiid  tlio»e  n-hicli  from  their  very  iinlure  dcninna 
men  of  wide  experience,  hence  well  matured,  can  be  of  little  or  no 
value  unless  the  occupations  are  in  M>nic  way  of  intrinsic  danger.  We 
Hod,  for  cxuoiple,  in  certain  statistical  tables  dciiling  only  with  initivid- 
nals  above  the  age  of  20  years,  that  the  average  age  at  death  of  students 
ic  about  23  ycftrs,  while  that  of  profe«Hors  exceeds  50. 

The  manifest  alisurrlity  of  attempting  comparisons  of  the  healthfui- 
n««a  of  iUvv!  two  <>ci-u|iat!on8  i»  still  furtlier  brought  mit  by  ri-vcnting 
the  case  and  supposing  the  professors  to  die  off  at  3:i  and  students  at 
AO.  8ince  evc-n  advanced  students  in  the  profnwionni  schools  pass,  as 
a  rule,  out  of  the  student  class  and  into  their  ehoeen  lields  of  usefulnesa 
loi^  liefore  their  thirtieth  year,  it  cannot  cau.st^  surprisi^  that  those  who 
die  before  (heir  training  is  completed  <io  not  show  a  lugli  average  age  ut 
deatli ;  and  on  the  other  hand,  since  men  of  learning  are  not  ordinarily 
callct]  upon  to  a«sunie  the  duties  of  profcTSom  until  tlicy  have  [uiiMed 
ibtough  the  lower  grades  which  lead  to  that  rank,  it  is  to  be  expected 
tltat  llH-ir  average  age  at  death  will  )k-  fairly  high.  To  compare  lieu- 
tenants and  major  generals,  shippiog-clerks  and  retired  mereJiants,  ap- 
prentices and  nia.itereaq>enler«,  would  be  nom«renbsur»l.  The  average 
age  at  d«uth  of  any  one  calling  must  be  largely  influenced  by  the  rehi- 
tive  number  of  individuals  of  the  difierent  age  periods  engaged  therein, 
jofft  a*  u  the  ease  with  the  population  in  genend. 

Another  fact  that  affects  the  age  at  which  work  is  undertaken  is  a 
very  low  wage  offerifl  even  in  times  of  pros(H'rity,  wi  low  as  to  l>e  no 
inducement  to  heads  of  families,  but  sufficiently  high  to  cause  them  to 
help  out  their  financial  condition  by  making  use  of  their  offspring. 

Before  proceeding  to  a  classification  of  occupations  according  to  tho 
drcnm.tlanct^H  which  determine  (heir  healthfuluess,  it  Ls  desirable  to 
consider  the  significance  of  the  somewhat  loowly  applied  term,  orvnpa- 
tion  <lu)ea*tt.  Kvery  form  of  occupation  and  everj'  form  of  life  of 
leisure  luis  some  attendant  drciim»tuiic<'s  which  may  at  Home  tim«,  in 
one  way  or  anotlier,  bring  about  a  predisposition  to  some  form  of  dis- 
tmte;  and  to  regard  every  diHcaxe  of  an  artisan,  trad<f>man,  or  profea- 
atooal  man  as  attributable  to  his  particular  calling,  is  to  full  into  a 
common  inexciiKsble  error,  for  workerfi  and  drones  have  most  diseases 
ta  common.  It  la  bej'ond  dispute  tliat  oertjiin  pathological  conditions 
are  Cftn»<-d  and  others  promoted  by  certain  occupations,  and  it  is  e((iuilly 
true  that  most  disnises  almidy  ,ie<)iiir«il  may  be  influenced  lor  the 
bcKor  or  worse  by  one  or  another  calling. 
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The  true  occupation  disease  is  lliat  which  in  all  protmbilitr  wod 
not  have  been  aoquir«I  had  the  individual  not  engaged  in  his  paniou- 
lar  calling;  ur  8omi>  other  in  which  tlie  oonditii^nfl  are  eaacntially  timi- 
lar.  As  an  infitaiioe  may  Ix;  cited  the  lead  paralysis  of  the  boose 
painter,  jmtter,  compositor,  and  file  cutter.  Certain  dticmea  of  oom- 
nioo  occurr^iict;  in  the  population  at  large  are  promoted  by  the  oondt- 
tiona  under  which  varioua  callings  are  carriea  on,  but  thette  cannot 
properly  he  calk-d  occupation  "liwiLscs,  since  the  excitini^  cause  is  in  no 
way  a  part  of  the  btisineas,  and  under  belter  hygienic  mauagemenl, 
comhincd  with  better  outifidc  iiifluciic««,  might  Im-  nvuided.  As  a  odd- 
epiouous  instance  of  this  class  may  be  cited  the  tuberculosis  of  dreaa- 
nmkent,  cutlery  grindem,  and  o|>crativcs  in  tlte  cotton  and  flax  indus- 
tries, promoUHl  by  ove^cro^^-<ling  un<1  inhalation  of  dust  while  at  woric, 
and  by  all  ttxlrnm-ou.i  eondiliou;*  tending  tn  lower  vitality. 

The  plying  of  the  needle  is  in  itself  in  no  way  inimical  to  the  in- 
tegrity of  the  lungs  ;  tlic  grinding  of  the  .steel  implement  on  tlie  wlit«l 
■lid  the  running  of  the  loom  twnd  fortli  none  of  the  specific  bacill 
but  the  ovcrornwding  in  the  one  case,  and  the  avoidable  inhalali'ni 
irritating  dust  in  the  uthcr^,  bring  ahmit  the  conditions  which  oSer  ft 
tile  soil  to  the  germ  of  the  disease. 

Certain  conditions  are  influenced  for  Ute  better  or  worse  by  di 
ent  occupations,  as  has  been  staled.  Among  these  may  he  menti 
anntmiB,  whieh  i.s  not  nnminmonly  clas.'wxl  amoi^  the  disMscs  of  omn- 
pation.  Tender  the  conditions  of  many  indoor  callings,  this  state  it 
easily  limiiglit  aliout  or,  if  already  existing,  increauwd  ;  but,  iw  the 
other  hand,  under  those  of  outdoor  occujxition,  it  is  not  likely  to  be  in* 
dtK«d,  and  if  already  existing,  may  be  made  to  disappear.  Many  oc- 
oapalions,  for  easily  cxpbiuiildc  reasons,  draw  tlicir  workers  lar^y 
from  that  portion  of  the  ]>opulation  which  is,  if  not  already  dii^i'^cd, 
predisposed  by  heredity,  habit,  and  home  surrouadiogv  to  aiuemii,  lu- 
oerculoais,  and  other  disorders,  the  onset  of  which  may  be  hastened  or 
dcluye<),  acconling  to  eireumMiUKws.  In  lhv#e,  and  in  occupation*  i> 
general,  it  is  not  an  easy  matter  to  determine  correctly  the  amoantof 
inflnencc  properly  elmrgeahle  to  the  calling  when  disease  a 
since  the  conditions  under  which  a  trade  is  carried  on  may  be 
variable  and  thoir  influence  for  good  or  evil  exceedingly  oompk: 
Among  these  conditions  may  bo  mentioned  iivdour  confinement,  mtan 
of  matiTiats,  geographical  location,  and  wages  paid. 

Whether  an  occujiutton  h  carried  on  indoors  or  outdoors,  is  of  tPiuh 
im[)onance,  for,  other  things  being  equal,  outthwr  employment  it  br 
more  conducive  to  goo<I  health  than  confinement,  even  in  well'Veori- 
lated  factories,  in  which,  with  the  best  of  systems,  the  air  cannot  b« 
maintninc<l  in  the  condition  of  |Hirity  which  obtains  oubside.  Evffl 
those  callings  which  subject  their  followers  to  great  vicisitudcf  of 
wcAtlicr  appear  to  he  more  nonducive  to  robuittneiw  than  those  carritd 
on  indoora,  particularly  if  the  nature  of  the  work  is  soch  as  tn 
fur  freedom  of  movement  and  great  bodily  activity. 

The  sailor,  the  letter  carrier,  or  the  farm  hand,  for  example,  » 
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_  in  th«  open  air,  in  Iieat  nml  cold  and  in  all  kinds  of  wentlier,  in 
bettvr  ctrt'timsUincul  in  many  ways  than  tbt-  loom  tender,  the  entry 
clerk,  and  the  aatesinan  at  the  rit>bon  oounter.  He  wfirks,  jwrhaiw, 
in  a  broiling  i(iin,  riithi;r  tliuii  in  an  overheated  room  filled  with  impure 
lir;  the  air  he  inhales  contains  some  dust,  perhaps  much,  but  it  is  a 
less  harmful  duat,  K-»»  uhnndunt,  and  not  euittinuuiiM.  Tin-  iiir  of  the 
fnctory  and  uorksliop  may  be  almost  as  pure  as  that  out  of  doors,  or  it 
may  be  laden  with  fumist,  j^'fin,  fmil  odoni,  or  duxt  of  a  special  na- 
ture, according  to  the  materials  used.  The  outdoor  worker  is  alsOn 
much  lees  oppressed  by  the  monolnny  which  is  so  conspicuously  a  oon-1 
ooniitiiiit  of  indoor  work.  He  can,  at  Icuet,  see  some  part  of  his  world 
in  ever-changing  conditions,  while  the  mill  operative  tends  his  machine, 
of  which  he  is  pcrhupM  only  u  minor  piirl,  day  in  and  day  out,  seeing 
it  do  the  same  thing  with  mechanical  exactness  so  many  times  jter 
minute  or  per  hour,  with  nu  more  scntH;  of  rt^Mpoiisihilily  than  might 
nnde  in  an  automaton. 

Geogniphical  location  of  the  place  of  employment  has  nn  im)>ortant 
sanitary  bearing  on  the  eonditicn  of  the  workcra,  since  it  determines 
very  largely  the  out*ide  influences  to  which  they  are  subjected.  I^iea- 
tion  in  the  country  diittriets  is  likely  to  insure  better  and  cheaper  homes 
than  can  be  found  in  crowded  cities,  with,  |>erhapa,  a  patch  of  garden 
which  may  lie  workwl  fiir  plcastin-,  pnifil,  and  variety  in  the  diet.  It 
is,  furthermore,  further  removed  from  the  intlnencc  of  tiie  tippling- 
abop  and  other  unhealthy  influences  of  the  city. 

The  wages  paid  aflcet  the  health  of  the  working  cla^ttv  in  several 
ways.  A  small  wage  means  necessarily  a  small  expenditure  fur  rent, 
elolbing,  and  finxl ;  it  means  overcrowded  fenenients,  lack  of  ventilation, 
insufficient  protection  of  the  body  by  cheap  clothing  of  inferior  qual- 
ity, inadeijufitv  lV>oiI — ustiully  impn>|>crly  prc|iare<l  and  hastily  bolted, 
personal  and  general  un cleanliness,  and  other  conditions  which  lower 
the  mental,  moral  and  physical  well-U'iag  of  the  workers  and  all  who 
are  dependent  upon  them.  It  means  more  beside  :  it  means  the  utili- 
jcation  of  child-labor  and  the  breaking  down  of  women,  who  perform 
tfae  double  duty  of  lofjkiug  aOcr  the  home  and  assisting  in  its  miiin- 
t^nanoe.  All  these  circumstances  promote  the  morbidity  and  mortality 
rates,  and  (he  [larticniar  occupations,  perhapx  intrinxically  wholesome, 
are  then  said  to  be  inimical  to  health,  when  it  is  not  the  nature  of  the 
colliogs,  but  the  altcndiinl  circum-imiict-t>,  thai  arc  at  fault.  Thus,  it 
often  hap|>eiis  that  the  conditions  leading  to  the  most  serious  evils  may 
be  traced  (o  some  cireumstanoe  or  conibination  of  circumstances  which 
an;  wholly  external. 

Olassiflcation  of  Occupations. — In  a  general  way,  we  may,  from  s 
sanitary  standpoint,  classify  occupations  as  Ibllow*  :  I,  Those  which 
are  intrinsically  dangerous  to  health  by  reason  of  the  nature  of  the  ma- 
teriaU  iiivolvctl.  2.  Th'>se  which  are  carried  on  under  conditions, 
avoidable  or  unavoidable,  which  promote  susceptibility  to  disease,  ti. 
TliO(*  which,  inviilving  <'X(»osun;  l'>  mccbanltvil  violeaofi,  arc  danger- 
ous to  life  and  limb  rattier  than  to  heiilth.     4.  Those  neither  intrinaic- 


651 


BYOJBSE  OF  OCCUPATtOy. 


ally  ilnngeroat  to  health  or  liie  nnr  carrnK)  on  neoefwaril/  noder 
liar  svoidabtc  or  iin»\t>i(UblL'  circiim^tuiitx-K. 

Th*"  first  and  second  of  thpse  classes  are  of  especial  interest  to  the 
eanitamii,  wIiok  elTorU  are  dirveted  toward  the  n>n)<>vnl  »f  ii]l  onsuii* 
tarj*  inHuenr«s  of  wfaalsoever  kind  attending  any  and  all  ovcupatiaiH. 
Tiiv  third  vlait^  include!*  occugmtion.'*  which  involv«  the  po«8ibititr  of 
injury  due  to  circutns lancet  bearing  no  relation  to  hygiene.  Thna,  no 
elTcrt  of  the  hygieoiitt  can  [ireveiii  a  brakeiuan  from  falling  beneath 
tlie  wheels  of  a  train  or  the  upcrstivc«  in  n  dynamite  industry  from 
being  blown  into  eternity  by  the  force  of  an  exploaion  due  to  careless- 
□es«.  The  fourth  class — and  this  iucludiw  a  grail  variL-ty  of  perfvclly 
colorles.4  callings — presents  oothing  of  any  eapecial  hygieuic  interest, 
since  the  pliysiiiil  condition  of  the  individual  would  be  e«scntinllT  the 
same  whether  he  were  engaged  in  one  or  another  of  the  different  fields, 
and  only  those  which  are  carried  on  under  peculiar  oonditaoos  can  he 
studied  to  advantage.  Therefore,  only  the  first  two  clasaei;  will 
here  cmisidi-n'<l,  and  iiineo  the  dividing;  line  between  the  two  is 
difficult  to  define,  und  since  »omc  occupations  may  be  «itd  to  l>olong  < 
l)olh,  the  two  may  be  merged  into  one  for  the  sake  of  cocvenientt  i 
then  sulKlivtded  as  below. 

The  oeciijrationa  which  are  of  particular  hy^enio  interest  embr 
thosv  which  involve  oxiwwnre  to — 

1.  Air  vitiated  by  re^^  pi  ration. 

2.  Irriintiiig  nnd  jioisonotut  gasica  and  fumes. 
fi.  Irritating  and  jMiaonous  dusts. 
•I.   Infective  matter  in  duHt. 
6.  Offensive  gases  und  vapors. 

6.  Kitrcmes  of  heat. 

7.  Dampness. 

8.  Abnormal  almospheric  pressure. 

Of  distinet,  but  minor,  im[K)rtance  are  those  which  involi 
it.  Constrained  attitude. 

1 0.  0\'cr-exerci*e  of  [larls  of  tl»e  body. 

11.  Sedcntari'  life. 
Some  occupations  are  oonduoted  under  such  conditions  that 

may  very  pri)]H'rly  be   regarded   ii*  belonging  to  a  numWr  of  I 
groups.     Mining,  for  example,  may  be  considered  under  groups  2, 3, 
6,  7,  9,  and  10,  and  oigiir-miiking  under  gro«iB  1,  2,  .'J,  9,  and  II- 

To  attempt  to  describe  the  conditions  which  surround  each  individual 
industry  and  to  give  the  details  of  the  countless  processes  involved, 
would  be  far  U'vund  the  -ictipc  of  a  work  of  this  niitiirc  and  quite  OD- 
Mwcssary  for  a  general  understanding  of  the  relation  of  occupatioo  te 
health.  Therefore,  in  the  following  juiges,  only  tl>e  mi^i^  conspicuously 
filiaracteri^tie  examples  will  be  cited  by  way  of  illustration  of 
dangers  to  which  the  workers  ar«  ex])osed. 
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1.  Occupations  Involving  Exposure  to  Air  Vitiated  by 
Respiration. 

This  class  may  be  made  to  Include  auy  indoor  calling  carried  on  in 
overcrowded,  ill-ventilated  roomx,  in  whicli  the  air  la  vitiated  only  hy 
the  pn>cc><8cs  of  tlic  hody  and  not  by  adventitious  gn«eti  or  duet.  TbcM 
occufKilioiis,  therefori?,  are  not  in  theniselvea  dangerous,  but  are  made 
so  by  a  preventable  cause. 

A9  examples  may  be  cited  the  eallings  of  tailoring  and  dnssmakin^, 
which,  only  too  commonly,  are  mnductvd  in  rooms  in  which  fnsh  air 
and  cubic  epace  per  capita  are  at  a  minimum.  The  workers  nre  packed 
into  ipiarters  nci  lar^-r  tlinu  ubMiliitcly  Mecea:'ary  for  llie  jicrfiirnmiice 
of  their  daily  ta»k,  im|>oaHible  of  proper  ventilation  without  an  expen- 
sive mechanical  »y^teni,  m  frrent  m  the  overcrowding,  and,  a.a  is  natu- 
nlly  tobesuppfM^cd,  overheated.  Here,  theunfortuofltcs&iwndn  fairly 
long  day,  leaving  at  night  lo  go  to  homes,  perhajm  no  la'ia  unsanitary. 
If  not  already  no  when  they  begin,  tlit-y  bcc^imc,  alien  a  time,  anicmic, 
dyspeptic,  and  depressed,  these  oonditionn,  as  in  many  other  callings, 
bcinj;  ]in«notc<l  by  lack  of  exercise,  by  ill-chosen  und  baillv-couked 
food,  and  by  absence  of  heaUhful  rocreatione.  They  become  greatly 
*UM3-ptilile  to  cold  and  hence  oppiHiil  to  the  adinixision  of  frci*!!  itir 
from  nilhoiit.  Breathing  escremental  air  by  day  and  night,  denying 
lliem.*elves  pro])er  fiMMl,  iheir  minds  depressed,  it  is  not  to  In-  wimdi-n-n 
at  that  their  cx)ndition  invites  disease,  more  particularly  the  one  which 
ttands  forth  conspicuously  as  a  c<)n:te(|neuce  of  overcrowding ;  namely, 
pulmonary  «)n«uniption. 

The  onset  is  insidious.  Heginning  with  a  cold  that  resists  being 
"  thn)wn  ufV,"  (In-  cnngh  becomes  ehrnnic ;  they  conlinuo  to  lose  weight 
and  strength,  and  the  end  <an  l>e  foreseen.  It  is  not  to  be  understood 
that  ihene  cnilings  ai-c  always  or  even  generally  Associated  with  ihese 
ouoditions ;  but  when  they  are,  the  i-esnlt  is  generally  the  same. 


2.  OccQpatioDs  Involving  Exposure  to  Irritating  and  Poisonous 

Oases  and  Fumes. 

This  class  includes  a  great  variety  of  callings  which  may  or  may 
not  l«e  intrinsically  diingrrous,  .•itw-urdiiig  to  individnni  circumstances. 
In  many  eases,  the  danger  may  Iw  much  lessened  by  a  due  regard  to 
personal  hygiene  and  by  the  use  of  respirators.  These  are  simple 
{nece^  of  »p[ianitus  designed  to  remove  noxious  matters  from  the  air, 
on  its  way  to  the  respiratory  passages.  Tt  is  the  ride,  however,  that 
workm«^n  will  r^^'fuse  to  wt^r  them  after  the  lirst  ilays,  even  though 
well  aware  of  the  possible  consequences  of  laying  them  aside.  One 
nojfon  for  Uiis  i*  that  n<it  one  of  tlio  several  forms  invented  can  be 
worn  with  any  degree  of  comfort.  They  demand  faster  respiration, 
soon  get  wet  with  expired  moisture,  and  qhu!*<-  excessive  pcnpimlEon. 
Furthermore,  they  cannot  be  made  to  fit  tightly,  and  so,  even  when 
oonscientiously  worn,  they  only  partially  perform  their  oHicc.     Most 
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of  them  are  d««gn«d  to  filter  out  tliist,  but  all  arc  made  on  esaentL 
the  miiL'  priiiciplv,  tlio#e  intended  for  noxiotu  fumes  containing  suong}' 
or  other  abeorbent  materia),  wet  with  agents  which  exert  a  oeutralizing 
infliiciioe. 

Olio  form  consists  of  a  muzzle  of  fine  wire  gauze,  ^gle  or  doable, 
on  a  metallic  frame.  If  made-  with  a  ttingle  layer,  it  i»  lin«<l  witJ)  oM- 
(on-wool  kept  in  place  by  a  very  loosely  woven  fabric  ittitched  to  the 
wire  meshes  ;  if  made  double,  the  intervening  ^paoe  is  occupii^d  by  a 
piece  of  thin  flannel.  Another  form  is  made  of  woven  or  knitted  stuff, 
instead  of  wire.  ThiA  b  said  to  be  even  hotter  (ban  the  first-mentioned, 
particiilnny  in  summer,  and  both  arc  extremely  uncomfortable.  A 
thirtl  form,  made  of  pieces  of  flat  sponge  Urge  enough  to  cover  the 
Dosv  mid  moulh,  interfcTca  vcr>'  niiii;)i  wilh  free  n^tspi ration.  Another, 
consisting  of  a  large  bag  of  fine  cambric,  is  said  to  be  less  objection- 
able, but  diHicult  to  fasten  lightly. 

Aside  from  the  discomfort  caused  by  resptratore  of  whatever  foi 
the  operatives  have  another,  a  senwless,  ob}ectiou  to  their  um\  voi 
complniniuf;  tliut  tiiey  are  made  to  "  look  ridicidoiis,"  and  men  being 
moved  (o  discard  them  by  the  gibes  of  their  nw>re  reckless  fellows. 

(a)  Xiritatms  Oases  and  Fumes. — As  examples  of  irritating  gasci 
or  fumes  may  be  cited  ammonia,  chlorine,  sulphur  dioxide,  hydro- 
cldori«  acid,  und  nitrous  ftiines.  In  small  imimiuls,  tliey  cause,  jier- 
hnpH,  no  more  disturbance  than  a  slight  tickling  cough,  but  in  large 
amount-",  tlicy  briiij^  about  grcitt  diHCiomftirt  and  acute  ami  ehronicca^ 
tarrhal  conditions. 

Oilorine,  which  U  used  or  given  off  very  extensively  in  n  ni 
of  industries,  is  unimportant  when  it  is  present  in  the  air  in  very 
traces,  but  when  in  lai^  amounts,  it  is  said  to  cause  minor  catarriul 
troiiblcH  and  diminution  or  even  i<)«e  of  the  wnsi'  of  smell.  It  is  ^d 
by  Pettenkofer  that  from  I  to  5  parts  of  chlorine  in  KK),OCK)  of  air  i* 
Ruftieient  to  afleet  the  lungs  ;  that  40  to  60  parts  in  100,000  will  pro- 
duce alarming  symptoms;  and  that  over  GO  parts  will  cause  dnth. 
It  is  given  off  in  the  pmcesae."  of  making  and  using  blenching  powilrr, 
in   the  operation  of  gludng  bricks,  and  in  various  other  pnxaxMs 

Among  the  workmen  who  make  or  use  bleaching  powder,  the  oo 
earnoiee  of  bronchitis,  asthma,  and  caries  of  tJte  tevth,  is  ootweaUy 
frcc|uent. 

Ilydniehliiiic  acid  fumei  are  given  off  in  various  indiistric*,  aiwlw- 
pecinlly  fn>m  nikali  works,  tlic  imoiediale  neighborhood  of  which  t! 
likely  to  be  barren  of  vegetation  in  consequence  tliereof.  They've 
given  off  also  in  the  process  of  galvanixing  iron,  the  first  part  uf  the 
work  oonsUling  in  "pickling"  the  iron  in  the  acid  to  clean  it  aai 
prevent  ll»e  prem'nce  of  oxide  on  the  Mirfac^-  when  it  i>i  <nppeJ  iiii-i  lie 
molten  zuk.  Those  fumes  act  much  less  euei^tically  on  tJio  re<pir»- 
tory  passages  tlian  chlorine  Pettenkofer  »latei«  tlial  as  much  as  ow 
part  in  a  thousimd  of  air  can  be  borne  without  difficulty  by  men  vho 
arc  accustomed  to  it,  but  that  thi^  amount  cannot  be  exceeded.  In 
the  gah-anizing  procem,  tlie  workmen  are  exposed  alao  to  the  dease 
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fumrs  nriMtif;  from  tlir  ml  nniinoniac  which  »,  from  titiK^  to  time, 
tbrowa  upoD  tlie  fiurfnce  of  the  molten  zinc.  These  are  xaovv  insup- 
portahle  tlian  the  ncid  fumes. 

Sulphur  dioxide  is  evolved  iti  lhi>  Hmulting  of  various  ores,  in  prv^ 
paring  hops,  in  the  inanufuicture  of  oulphuric  ncid  niid  uf  ordinary 
matches,  and  is  iiMtl  extcii»!vf1y  »»  a  bleaching  a^-nt.  In  xmall 
amounts,  it  causes  cough  aud,  by  thoee  un accustomed  to  if,  cuniiot  l>e 
tolerated.  Tho»e  who  nre  expowd  t<i  it  in  their  daily  work  establish  a 
gmdual  tolerance  and  take  no  notice  whatever  of  an  atiiiniiplicre  in 
which  it  t«  present  to  such  an  extent  tliat  [ler^ons  tinucctistonied  to  it 
cannot  breathe  it.  The  weight  of  evidence  conoerning  th*'  wlation  of 
th'iN  guit  to  he.nlth  indicat&s  that  its  eflTeets  are  netllu-r  scnous  nor  last- 
ing and  are  exerted  more  on  the  digestive  thaa  on  the  n^spiratory 
fanction.  In  some  individuals,  a  small  amount  in  the  atmosphere 
causes  epigastric  pnin  and  heartburn  very  quickly, 

Krominc  is  exceedingly  irritating  to  the  respiratory  jwissagcs  and  to 
other  mucous  membranes  with  which  it  may  <!ome  in  contact.  In  small 
amounlii,  it  causes  cough,  dizzincfis,  and  a  feeling  of  general  malaise ;  in 
large  umuuntit,  b|ihsui  of  the  glottis  and  aitphyxia.  Bronchial  a.-«lhma 
is  oommonly  observed  among  those  cinstantly  exposed.  The  fumes  of 
iodine  act  practically  in  the  same  way,  though  to  a  much  less  marked 
extent.  In  occupations  in  which  thi.>se  two  substances  are  UKcd,  men 
with  a  tendency  to  pulmonary  troubles  should  not  be  permitted  to 
work. 

There  is  no  evidence  Uiat  ammonia  in  small  amounts  produces  anv- 
thing  more  than  temimrary  irritation  of  tiie  air  pasnages,  but  it  is  a 
general  W-lief  that  it  is  conducive  to  L'mphysema. 

Xitrww  fumes,  given  oflTin  a  number  of  processes  involving  contact 
of  metals  with  nitric  acid,  are  aLw  of  no  very  great  importance  in  amal) 
amounts,  but  it  is  said  that  those  who  are  ex[N)se<l  arc  especially  sub- 
ject to  phthisis,  in  the  cmisatinu  of  which  it  is  conceded  that  the  con- 
Btraineil  attitude  and  lack  of  ventilation  have  a  large  influence.  It  is 
noted  that  the  tendency  \*  greaiest  in  those  exposed  to  the  largest 
amcHinls. 

(6)  Poisonoas  Qases  aad  Fumes. — Thisclas«  includes  a  very  large 
number  of  occupations,  since  poisonous  gases  are  an  incident  of  proo- 
esse»  without  number. 

Carbon  monoxide  is  one  of  the  mo^t  important  of  the  (loisonoiia 
gasiv,  and  ihi^  is  given  off  in  many  manufacturing  operations,  usually 
m  company  with  other  gases,  nixl  it  is,  lliercf'irc,  not  always  an  cosy 
matter  to  delirmine  what  proportion  of  the  effeit.H  nnticed  are  due  to 
any  one  comttitucut  of  the  mixtun-.  The  cimstant  inlialation  of  even 
very  smalt  amounts  of  carbon  monoxide  causes  disturluinces  of  tlie 
digestive  function,  gi-nera!  wejikening  of  tiic  system,  and  diminished 
mental  |»ower.  The  one  class  in  which  one  would  naturally  expect  to 
find  the  gresb^t  evidence  of  injury,  namely,  laborers  in  gas  plants, 
jields  very  Utile. 

Carbonic  dL^ulphide  is  much  used  as  a  solvent  for  fats,  but  its  chief 
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use  is  afl  a  solvent  snd  vulcimiziDf;  nj^Dt  for  Iiwlut-rubl>cr.     Tbc< 
[Kcultar  pflectB  prodiieett  upnu  llw  o[>eratives  in  rubber  factoriea, 
cially  when  ibi-  work  U  carm-d  on  in  biiilly  ventilated  roonw,  Iiavc 
attributed  gCDcrally  (o  the  use  of  this  agent.     There  is  at  first  a  d 
bcadodic,  whicli  incrcaiiGS  mtKli  iii  8cveri^  toward  the  close  of  da; 
sight  becomes  Bomewhai  confused ;  vertigo  and  epileptiform  con 
»'mnf,  paini<  in  tliv  extn-milie^,  nod  formication  are  ooiumon. 

Id  the  early  Htages,  an  unrcstratnablc  inelination  to  talk  i&  almost 
invariably  observed,  and,  coiiioidently,  a  stimulation  of  sexual  desire. 
Sooo,  tlic  victim  bccomee  moody,  irritable,  and  subject  to  violent  out- 
breaks of  anger ;  eye-ii^ht  liecomed  further  impaired  ;  the  aeaae  of 
Bmell  ismuclidimint»li(.-<l.  ]>uring  tbi^r^ts)^,  oIiMtiiuiIc  in»orania  is  the 
nile.  Next  occurs  a  Blage  of  dcpresdon,  in  which  the  locjimcity  and 
increxM-d  sexual  m-nsc  give  way  to  iniptured  memory,  feebleness  of 
miud,  taciturnity,  and  diminution  of  sexual  desire  and  power  even  to 
v<^im])li'to  nlioli^bnieiii,  with  intcnno  hnidaolie,  either  Mminolimie  or 
n'aki^fiilne6»,  iind  kicfd  areas  ofana?t^lhet^in.  S-imetimescougb,  (IygpD<za, 
and  iHtrnplcgiaare  obtterved.  Ai«  a  nile,  hanever,  no  permaiirni  injuiy 
is  caused,  since,  Irom  the  very  nature  of  (he  symptoms,  the  victims  art 
unable  to  continue  to  work  ;  and  removal  from  the  cause,  with  appio- 
priHlc  m(;dication,  in  which  phosphorus  is  highly  rcigard«],  ttsuolk 
brings  about  a  perfect  cure. 

This  tmin  of  symptoms  seems  to  be  |»eouli«r  to  the  workers  in  rub- 
ber factories ;  and  since  tlie  evidence  at  hand  shows  that  those  who 
make  the  subst!iiic«  do  not  suffer  in  the  same  way,  it  seero^  reasonable 
to  sup]M>Be  that  other  agents  than  this  one  are  to  be  considered  in  the 
eliulog^'.  it.  bapjieuiilhat,  in  this  same  industry,  naphtha  i.*  very  muci 
uaed  as  a  solvent.  The  vapors  of  this  substance  cause  some  cmbar- 
m«gment  of  re.-ipiration,  and  also  dirannees  and  mental  confusion.  In 
Prance,  the  employment  of  women  under  eighteen  in  rubber  factories 
and  in  any  work  which  ex|Kises  them  to  the  combined  fumes  of  nspb> 
tha  and  carlion  diHiilphiile  is  pri)bihited.  SjinteHMin  '  hii.'i  reportol  nine 
oasw  of  naphtha  poisoning,  four  of  which  were  fatal.  They  occnmd 
in  a  rubber  factory  where  a  solution  of  rubber  in  naphlbn  was  nsed 
The  symptoms  were  headache,  diiczincss,  vomiting,  palpitation,  and 
hemorrhages.  In  those  cases  which  recovered,  the  symptoms  lasted 
aevcral  weeks.  All  the  victims  were  young  women.  In  one  &t|l 
case,  the  autopsy  showed  fatty  degeneration  of  the  heart,  liver,  kidneys 
and  oUier  partA. 

Xaphtha  is  usi-d  very  extensively  also  tn  cleansing  woolen  and  othw 
niiwashable  clothing,  and  young  womr-n  employed  in  e«tablishmcnls 
dcvot^-d  to  this  kind  of  work  i^uffer  from  dizziness,  nausea  and  vomit' 
ing,  headache,  insomnia  and  hynteria.  They  find  it  HfWfgKTy  to  go 
frequently  into  the  open  air  in  order  to  avoid  hysterical  outbn^s. 

Another  much  mure  poisonous  substance  is  nitro-benzol,  which  is 
very  inaidiooa  in  its  effects.      It  is  used  in  making  aniline,  like  vhkJi 
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it  is  a  naivotio  poiiton,  and  in  the  maniifnctnrv  of  riibiirite  and  other  of 
the  iMiwcr  oxplu<iiv«s.  [j'liifj  «x|K>surf  to  sniflll  aiDniiiiLt  pnidtioos  a 
train  tif  symiitonw  whicli  iochide  headache,  tly»pncpa,  drowBincss,  dijai- 
Qtati,  unu»«i  and  vomiting,  imd  lw»»  of  inuBcular  strength,  and  toriniiinle 
in  atupor  and  not  infrequcutly  in  death.  Death  Homvtimce  occurs 
within  H  few  hours  of  the  onm-t. 

The  mofit  proniiiiciit  of  all  the  poiannniiM  vajiont  in  man ulactu ring 
processes  are  Uioee  of  tuerciirj'  and  phosphorus.  It  is  hardly  neces- 
aary  licre  to  enumenite  the  well-known  effeota  of  exiwsiirv  to  thc«i 
two  poiaofl^,  siiicM!  they  are  so  iinivorsilly  well  known  ;  but  it  ia  not 
»o  commonly  reeogniftHl  thai  operatives  in  indii.itricii  in  which  nivtullic 
mercury  U  oxU'nsively  used  api)ear  U)  be  very  subject  to  phthisis,  and 
that,  among  the  women,  miHairriage  is  very  common.  It  is  said  that 
the  offspring  dhow  the  cffbeta  of  the  poi«on,  and  that  two-thirds  or 
more  of  iJioee  bom  at  term  die  without  completing  a  year  of  life ;  but 
it  ia  well  to  eonwflcr  that  among  tlio  claMPX-n  fntni  which  the  operatives 
for  thif)  and  similar  ooi^upations  are  drawn,  child  life,  at  best,  lalwD) 
under  great  diwidvantagca. 

Murciirj-  i»  commonly  i«uppo»c^l  to  be  used  chiefly  in  the  mannfao- 
tufc  of  mirrort*  and  in  gilding  mid  silvering.  Tbid,  however,  is  far 
from  heing  the  ca3e.  In  fiicl,  lln'  j)riK'c.'sscB  of  making  mirrors  and  of 
gilding  have  IxH-n  so  revolutionized  that,  in  these  industries,  mercurial 
affcctiona  have  been  jtractically  done  away  with.  At  present,  one  of 
the  most  conimon  sources  of  mercurial  poisoning  is  the  industry'  of 
felting,  in  which  it  ha«  tjeen  di*«^iventd  that  the  eoney  and  other  hairs 
oacd  make  better  felt,  if  they  have  a  preliminary  treatment  in  a  butll 
of  mcreurie  nitrate.  In  a  later  procfc«,  the  raw  product  \»  heated  to  a 
leroperature  sufGcient  to  volatilize  the  mercury.  Other  occupation*  in 
whicb  mercury  is  extensively  used  include  the  manufa<^'tuFc  of  ther- 
mometers, barometers,  and  certjiin  forms  of  electric  batteries,  and  the 
bronzing  of  planter  cn^ts  with  an  amalgam  containing  tin,  bismuth,  and 
mercury. 

I1io*phoni0  19  a  substance  of  much  more  importnm^  to  the  public 
health  than  mercury.  The  only  indiiittry  of  any  magnitude  in  wiiich 
pb<nphorux  ia  extensively  used  is  that  of  match-making,  in  which  in- 
(lustr)-  the  operatives  suffer  from  the  well-known  Ici^ions  which  phos- 
phorus produces.  This  ia  a  danger  which  has  received  much  legisla- 
tive attention  in  England  and  other  European  countriw,  and  much 
baa  been  done  to  avert  it  by  more  strict  att4}ntion  to  hygiene  and  the 
intHNbielion  of  machinery  to  take  the  place  of  human  Ix-ings.  In 
Switzerland,  indeed,  even  the  use  of  any  nmtohes  other  than  those 
made  with  amorphous  phosphorus  is  absolutely  forbidden. 

Ordinary  phosphorus  gives  off  poisonous  fiime^  at  ordinary  tempera- 
tures, pmviili'tl  tiie  air  contains  moisture.  Amorphous,  or  red,  phos- 
phonis  is  Dot  poisonous  and  gives  off  no  fumes  under  ordinary  condi- 
tions. It  cannot  be  used  in  the  same  way  as  common  phosphorus 
and  is  employixl  only  in  the  manufacture  of  matches  that  strike  only 
on  the  box  or  on  a  specially  prepared  surface  ;  this  is  obviously  a  dis- 
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ad\-nnU^,  eioce  a  mateb  that  will  strike  anjnvbere  is  mudi  more  mn- 
veiiient.  I(  U  MLiU  ihat,  id  Knglauil  nlonc,  no  Ic«h  thun  GO  tons  of 
white  phosphorus  are  coosuiiied  anauallr,  against  4  tons  of  the  red 
variety. 

It  is  a  v«ry  ounimoD  notion  that  most  of  the  workmen  soBW  ex- 
tcnsivi^ly  from  th«  effects  of  the  poisonous  fumes  and  llmt  nt'crcwiAof 
tl»e  jaw  is  cxccwiiugly  c<(>minoD.  It  appears,  however,  that,  while  this 
olaj»  of  worknipn  are  in  general  anemic  am)  badly  noiiriiiJied,  tW  ex* 
tensivu  Imions  tliut  wi-rv  formerly  noticed  haw  been  of  late  j'can 
much  less  common.  In  1897-8,  in  the  United  Kingdom,  ov«r  1,600 
persons  were  engoged,  btit  in  tli«  4  years,  ]894-^,  only  3ti  casnof 
necrosis  of  the  jaw  were  rcrorded,  21  of  whieh  occurred  in  ]8it8 ;  but 
}KHMihly  more  may  have  0(^e^tlrTed.  Tlii»  reduction  i«  due  to  precau- 
tions taken  to  carry  off  the  fumes  by  thorough  ventilation  and  to  pre- 
vent their  production  as  far  aa  possible  by  the  u»e  of  substances  like 
turpentine,  and  by  drying  the  niatctios  ae  quickly  as  possible  after  they 
hnvt-  lM*n  dipped,  since  the  fumes  are  given  off  only  in  tin-  preswitt 
of  moisture.  Aguin,  much  of  the  work  of  dipping  Is  done  in  closed 
tiooda.  It  is  said  that  the  most  difficult  part  of  prevention  li«s  >n  (he 
luindliiig  of  tlie  work-peopiv  tbeiii«elve«,  nnoe  thvy  arc  of  a  class  that 
can  rarely  be  made  to  understand  the  importance  of  cleanliness  and  of 
altvntioii  to  the  ooiiditioii  of  tlio  teeth.  I'erwms  with  decayed  teetb 
should  be  excluded  from  the  business,  since  caries  is  known  to  in- 
crease the  riiik  of  jtoboning  enormously.  They  rAiinot,  Ibr 
already  explained,  bo  persuaded  to  use  nspinitore. 

In  the  industry  of  bra.is  founding,  fumes  are  given  off  which 
what  is  Cfimmonly  known  iis  '*  brass- founders'  ague,"  which  is  : 
order  occurring  .sooner  or  later — uaually,  within  a  very  sliort  time — to 
all  engnged.  The  trouble  begins  with  a  fei-liug  of  malaise,  headarbt, 
stiffness,  great  muscular  pain,  and  soreness  of  the  che«l.  A  chill 
comes  on,  which  lasts  geuernlly  al>oiit  a  quarter  of  an  hour,  aflcr  which 
the  patient  falls  into  a  profiise  perspiration.  The  symptoms  then  b^ 
gin  to  abate  and  within  a  (hiy  or  two  <)isapp«ar. 

Although  this  train  of  symptoms  does  not  commonly  recur,  a  more 
or  leas  marked  chronic  poisoning  is  oommon,  in  which  th«  most  proin- 
inent  symptoms  are  ana;mia,  cough,  tachycnnli.t.  headache,  neanlgii, 
disiirdered  digesticm,  progressive  emaciation,  and  annoying  eruptions  of 
the  skin. 

The  acute  and  chronic  poisoning  suffered  by  thia  cta.sA  of  workaHa 
arc  supposed  by  some  to  l>c  due  to  n»c,  by  some  to  copper,  by  sooit  U 
both  together,  aud  by  othen  to  arsenic,  which  is  an  important  ooiatiHi- 
ent  of  some  kinds  of  brass  oimI  an  impurity  of  others.  8ome  incliat 
to  the  belief  that  bra iw- founders'  ague  is  •  tnie  infection,  for  which  tbc 
poi.'wned  air  prepares  the  ground  and  paves  the  way. 

Fumes  of  ar^ivnic  are  given  off  iu  various  smelting  operatiost,  bot 
the  chief  danger  from  this  .tuhstance  is  met  with  in  oerufMitiuns  to  l» 
cousiden-d  lat<.T,  in  which  it  is  given  off  in  IIh-  fonn  of  dust.  A  pm>' 
liar  source  of  poisoning  by  arseniuretted  hydrogen  has  be«n  brou^ 
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I  fitiblifi  iiotire  bj  Muljcnn, '  who  obiwrveil  u  immbor  of  case*  of  ictcruB 
imong  the  bulloonista  of  a  regtiuPDt  of  engineers.  The  cause  was  traced 
br  him  to  the  hyilrogm  t^»»  ii!>f<l  in  lilllii^  Hk-  bulloon!<,  which  was 
made  by  the  action  of  ordiuary  commercial  sulphuric  acid  on  oommer- 
caal  ziiic,  Irath  of  which  contain  arsenic  in  vnriable  nmountx,  in  oonne- 
quenco  of  whicli  the  product  contained  tht^  poisonous  arK^niun-ttvii 
hydrogen.  The  impure  ga*  was  libonileil  through  ihe  valve  of  the 
balloon,  but  the  niuin  sourco  of  the  danger  was  thi'  habit  of  sniel1iri)r  iit 
the  Atopcock  during  Ailing,  to  asircrtain  when  the  air  in  the  pistes  had 
bMn  expelled  by  the  g^as.  In  the  cases  observt'd,  the  oniK.'t  was  marked 
by  great  malaine,  headache,  nausea,  iitilfne-.ts  of  the  joints,  jaundice,  and 
MDmofjlobinnriii.  The  syni|it(mi«  subsideil  in  a  few  day;*,  heaving  the 
patieDtA  in  a  bad  condition  of  ansmia  and  pronounced  malnutrition. 


I 


3.  Occupations  Involving  Exposure  to  Imtating  and 
Poisonous  Dusts. 


Dti«t  is  of  very  grvat  importance  in  its  influence  on  henlth.  Its 
production  is  a  prominent  feature  of  many  oceupations,  in  some  of 
whidi  so  nmoh  ts  cautHnl  as  to  W  of  the  highest  possible  iniport^moe. 
It  may  be  divided  into  poiflonous  and  irritating,  and  the  latter  may  be 
Sabdivided  inly  mincnd,  inetallic,  vejjetable,  and  animal. 

(a)  Poisonous  Duats. — The  most  important  of  the  poisonons  dusts 
are  arHt^nie  and  lend,  (^nc  of  the  mo-st  dangiTonn  of  nrsenii-al  trades 
is  thv  grinding  of  the  well-known  green  pigments,  Scheele's  green  (ar- 
senite  of  copper)  and  Schweinfiirl  green  (m-eto-nrwnite  of  copper). 
TlK«e  and  many  other  areeniad  colors  are  used  in  printing  widl  jiiiperK, 
cretonnes,  and  other  decoration.4,  and  in  the  manufacture  of  artificial 
flowers.  The  latter  is  an  especially  dangerous  oceiipiilioii,  sinoe  after 
the  leaves  have  been  cut  lo  the  proper  shape,  they  are  smeared  with 
gum,  ihc  gre«n  pigment  is  then  duitted  on  from  a  dredging  box  and 
much  of  the  substance  becomes  susjiended  in  the  nir.  Much  of  the 
green  gla/ed  paper  uwd  for  covering  boxes  in  made  with  these  pig- 
ments, and  other  pn]iers  and  articles  of  paper  in  green  and  other  colors 
(playing  cards,  etc.),  are  made  with  arwnical  pigments, 

Ar^eiiite  of  soda  is  u  very  c^tnunon  inordmit  and  white  arsenic  ia 
much  us«l  in  taiidermy.  In  fact,  the  list  of  processes  in  which  ar- 
•roic  i.i  u^til  iK  aimoKt  endle!i^-<.  TIieKymploiiiH  paxlnoed  may  be  acute, 
but  onlinarily  are  chronic  in  character.  Workmen  of  this  class  fre- 
quently sutTer  from  eexematous  sores  and  obstinate  ulcer*.  The  symp- 
louw  of  chronic  poisoning  arc  loo  well  known  to  need  description. 

Lead  is  infinitely  more  disastrous  in  ita  effcctj*  njion  health  and  by 
far  the  most  im|Hirlant  of  all  iiulustrinl  poisons,  because  of  the  great 
diversity  of  ita  uses.  Among  the  many  occnpations  in  which  it  figiiret 
may  be  mentioned  all  tiie  prooMSC*  involved  in  obtaining  lead  in  its 
commerdally  pure  state  from  ores,  the  making  of  white  and  rod  lead, 
the  glajEtng  of  many  kinds  of  [lapcr ;  ty[>e'l(>unding  am)  setting,  glass 
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cutting  and  polishinf^,  file  cutting;  enamHtinf:,  tlydn^  and  printinj;, 
working  iii  wciRlitH  wlk ;  pliinibini',  painting,  leather  varnisiiing; 
Bl&kiDf!  urtificiai  flowers,  leaves,  and  jewt-U ;  and  iH-vtral  of  ill*  |)T«fr- 
tme*  used  in  xht  mukiug  of  pHrtiK-nwnre  and  ehina.  In  lusnr  of 
these,  Ibc  lead  gains  access  to  the  hvsx*:ia  thmngti  inhalation,  and  in 
some  it  is  carriwi  into  the  moulh  hy  the  soiled  fingers.  The  latter 
melbod  of  introduction  is  very  commonly  tlio  i»m  with  com[K>i<it'iT«, 
phimbeR,  workers  in  la«e  and  silk  weighted  with  1^  acetate,  and 
others. 

Id  Paris  alone,  it  is  said,  there  are  over  30,000  of  the  workti^ 
dueeit  following  callings  which  expose  them  to  thii«  very  deleterious 
mbstance.  In  England,  the  gr<nl  im]H)niinoc  of  the  subject  of  iadnt- 
trial  K-ad  poisoning  \\m  led  to  extensive  investigation,  rt^nlling  b 
Htringent  Iqjislation;  and  in  the  year  ISity,  it  was  required  that  >1! 
OBsea  of  lead  poisoning  idtould  bo  reported  to  the  aiilhoritiM.  Durii^ 
the  year  J897,  the  number  reporttd  was  1,124,  and  lu  l!*y8,  1,278. 
The  largest  number  of  casn  are  reported  from  the  ehina  and  earthen- 
ware trades.  It  appears  to  be  the  fact,  wherrvcr  the  matter  is  inv«- 
tigated,  that  women  »\ifCvr  letw  than  men.  This  is  expluiiuible  in  two 
ways  :  6ntt,  that  the  women  are  naturally  more  cleanly  in  their  haUts; 
and  wpond,  that  women  are  more  likely  to  give  up  their  work  aft« 
the  occurrrnw  of  the  first  symptoms  and  before  the  afleotton  beooma 
chronic.  Men  appear  to  l»c  able  to  work  longer  without  showing  aar 
evidence  of  injury. 

Particular  attention  has  been  given  of  late  years  in  Kngland,  Fraiw, 
and  elsewhere  to  the  pottery  industry,  in  wliieh  lend  iii  u^ed  in  tbr 
glaxcs,  the  flux  being  made  of  litharge,  clay  and  flint.  Mudi  kl- 
tentiou  has  been  given  to  the  possibility  of  finding  a  gla»?  whicli  sh»!i 
be  free  from  lead.  In  the  manuliicturv  of  ordinary  while  purcchiiii,  do 
lead  glaze  is  rorfuired,  and  the  danger  of  lead  ptHaoning  arises  sltno^ 
whidly  in  the  work  of  deeonitinn,  (Ir-  [lowder  which  if  dnstcil  on  lod 
off  the  transfer  paper,  containing  lead  comp^mnds.  Aoi-ording  lo  t 
tvpurl  of  a  committee  of  the  niii>ter  potters  of  Slaffonlshire,  it  is  aol 
puBsiblc  to  8nb»tilnic  a  leadlestt  glaze  for  ordinary  cliina  and  earthen- 
ware, but  thta  is  said  to  be  only  [wirtly  trn©. 

In  Liniojjfti,  where  lfi,000  people,  of  whom  2,500  are  dtildren,  are 
employed  in  sixteen  pottery  establishments,  the  wnrkcrv  are  much  Ioa 
subject  to  litid  jHtisoiiing  than  Ihotte  in  Stafibrdshire,  and  in  one  of  ib; 
establishments  where  the  ware  produced  is  of  tlie  mme  kind  a.*)  niadt 
in  SwffonUhire,  (he  gla»-  contains  only  8  per  cent,  of  lead  earlxwal* 
against  13  to  24  in  that  us<'d  in  Staffordshire.  It  ha»  beeji  poiated 
out  that  where  lead  glaxctt  are  neoeasary,  the  danger  can  be  vcri-  moA 
diminishe<l,  if  tW  lca<l  is  n»e<l  in  the  fi>rm  of  a  double  fritted  silicate- 
In  the  Limc^es  factories,  die  lead  is  used  in  tbis  condition,  and  (o  tbti 
fact,  part  of  the  rliffertncc  in  the  amount  of  [Kiisoning  is  probably  doe. 
In  Kngli^ih  potteries,  the  tendency  is  toward  the  abandonment  of  tin 
old  uivDhxI*  nn<i  the  adoption  of  frittwl  lead. 

Lead  is,  however,  not  the  only  danger  to  health  with  which  work- 
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mmi  in  potteries  bave  to  contend.  In  ccrtiiin  of  tlie  operations,  large 
amonnU  of  mineral  dn^t  are  glvon  olf,  and  iu  cinnsi^qiKmcc  th«y  suffer 
fitom  ibe  effects  of  not  otdy  poisonous,  but  irrittitiiig,  dust :  in  fact,  the 
oocupatioD  i»  regarded  from  a  sanitary  tttandpoint  3.'*  oni>  of  tlie  lea^t 
dcMrabU'.  Ttie  flint  grinders,  wlio  bi-loii);  to  thii^  i.^lass,  nro,  accord- 
ing to  Ilirt,  unite  low  down  in  the  scale  of  longevity.  It  is  said  that 
the  dust  which  i^  i^ivvn  off  in  the  ojicrution  of  grindin^r  knolin  is  un- 
O&ually  irritating  to  the  lungs — worae,  even,  than  steel  dust.  The  most 
ooinmon  diseases  amonj;  putters  ore  bronehiti!<,  phtl)ii<i.s,  rlicumatisni} 
and  lead  poisoning. 

As  another  example  of  an  industry  in  whieh  the  wnrkmon  ttulTer 
lar^vly  from  lca<l  poisoning  may  be  cited  that  of  lik'-making,  in 
which,  as  in  |)oiiery- making,  the  operative  is  subjected  to  the  action 
of  dust  both  poisonous  and  irritating.  The  biiit  tiles  iire  those  cut 
by  band,  do  machinery  having  yet  been  invented  to  produce  as  satis- 
factory an  artide  ii*  the  Imnd-mude.  Wliihr  king  cut,  the  file  is  held 
npoiD  a  leaden  bed,  called  the  "stiddy,"  which  offers  sufficient  resis- 
tance  to  thn  blow,  without  at  the  sanie  Itmi;  Wing  so  unyielding  as  to 
cause  a  recoil.  As  fast  as  it  is  cut,  it  is  brushed  otT,  and  the  air  be- 
oom&t  charged  with  a  combination  of  steel,  lejid,  chalk,  and  charcoal, 
and  granite  from  tlic  block,  or  "  stock,"  upon  which  the  "  sliddy  "  la 
secured.  The  danger  of  lead  poisoning  is  thus  always  present,  and  ib* 
occ«rreni.Y  is  hastened  by  the  cnrcle«»  habits  of  the  workman,  who, 
in  handling  the  leaden  bed.  constantly  wets  the  thumb  and  forefinger 
of  his  loft  hand  with  his  tongue. 

Doubtless,  if  more  attention  were  paid  to  personal  hygiene,  a  smaller 
proportion  would  suffer  from  oolic  and  paralysis  of  the  extensor  muscles 
of  tJiG  wrist  and  thumb.  It  is  said  that  a  robust  file-cutter  is  rarely 
seen ;  as  a  chias,  they  are  salluw,  aiiteniic,  and  dull,  and  the  majority 
show  the  blue  line  of  chronic  lead  poisoning. 

A  more  modern  industrial  danger  is  that  involved  in  making  and 
ebar;ging  storage  batteries  of  a  certain  kind.  Dr.  Talumon  '  relates 
that,  during  a  single  year  of  hospital  service,  be  saM'  '.H)  cases  of  lead 
poisnitiug  among  workmen  so  engaged.  The  work  consists  hirgi'ly  in 
spreading  red  lead  and  litharge  over  lead  ]>Iates  with  the  bare  hands, 
and  the  results  on  (he  system  are  doubtless  due  in  greatest  part  to  alt- 
eorptton  through  the  alimentary  tnict,  the  ieail  being  conveyed  to  the 
mouth  by  the  bands.  The  symptoms  come  on  much  more  rapidly  and 
are  much  more  .leutc  than  with  imintens,  lyix'selters,  and  others.  Many 
of  the  men  fall  victims  within  three  or  four  weeks  from  the  beginning 
of  tlieir  service. 

(6)  Irritatiiig  Dusts. — Tlie  irritating  dusts  act  with  variable  in- 
tensity, acn'unliug  to  their  nature.  It  is  genemlly  thought  that  that  of 
vegetable  origin  is  the  most  irritating  of  nil ;  then,  in  order,  metallic, 
animal,  and  mineral.  The  di.sease  which  is  conspicuously  common 
among  dust  workers — more  common  than  among  any  other  large 
fliin     ii  phthisis,  a  predisposition  to  which  is  favored  by  constant  irri- 
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bttioo  of  the  diHt,  a8U»t«d  bv  bad  Tentitaticm,  coostraiaed 
sihI  other  unsanitary  ciroumslaikocs.  In  general,  the  first  efTcels  of 
an  abnomuil  amount  of  dust  in  the  air  are  cough  and  incirafod  Bccre- 
tiou  of  mnciu.  Tlicu  thr  cou^h  becomes  ciironio,  and  when  the  soil 
hai!  ln^n  (>rnperly  [»re|K»«?d,  ihe  specific  bacillus  finds  a  Iwlgmmt  and 
soon  produces  it«  reeulu.  Many  of  the  duM  workers'  disorders  are 
trnoeable  not  to  a  single  kind  of  dust,  but  to  a  mixture.  T)iu«,  ih^J 
condition  formerly  known  a*  "fjrinder*'  nsithma"  ia  saperittduced  b^^ 
a  mixture  of  metallic  particles  from  the  implement  ground  and  toin- 
crot  miitler  from  thit  vtoiie,  and  to  which,  if  either,  of  the  two  kinds 
the  preponderating  influence  belongs,  cannot  be  totaled. 

The  relative  fnequenoy  with  which  diwaaea  of  tbe  lungs  oocnr  in  the 
different  oJaaMS  of  duHt  workers  and  in  tlioHc  wI»o«c  oc<ni[ialion  errotes 
no  unuAual  amount  of  du-^tt  was  deutmiined  by  Ilirt  *  from  a  large  man 
of  material,  in  which,  of  eotirse,  the  value  of  the  primary  faclora  can 
hardly  be  determined;  nnr  that  of  collateral  circumstances,  sneb  m 
habit«,  heredity,  and  locality.  But  his  fnots,  which,  to  aay  the  least, 
are  Goincideacea  of  occupation  and  disease,  show  that  the  diflerail 
claSM'^  of  du^t  workers  niifTi-r  from  pneumonia  and  phtliiiiia  in  varying 
degrees  and  much  more  fr»)uently  tlinn  tliosc  not  expo8>i-d  to  <)u«t,  and 
tliat  in  the  froiuenoy  of  duscases  of  the  digestive  system,  on  the  other 
band,  there  is  practically  no  diOercooe.  In  the  following  tjible,  com- 
piled from  his  ftgurea,  the  relative  frequency  of  these  diseases  per  1 
workmen  is  shown. 
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With  regard  to  the  influence  of  the  difTiTcnt  kinds  of  (tnMy  ooca]i 
lions,  one  must  not  lose  sight  of  the  fact  that  (juantity  as  well  as  qtw-' 
ily  rnunt  be  considered,  and  that  loal  conditions  of  vcjitilation  must 
have  a  very  decided  bearing. 

Among  the  ocenpations  in  which  metallic  dust  in  ^ven  off  in  notab 
amounts,  that  which  stands  forth  most  conspieuoiiBly  as  a  dan|;er 
occupation  ia  that  of  steei  grinding.     In  this  work,  the  danger  x'srii 
inversely  wirli  the  »i»;  of  the  oVyect  ground  ;  that  is  to  say.  the  small 
the  object,  the  greater  the  tlanger.     This  is  because  lai^  objects  ■ 
be  ground  in  the  wet  way,  hut  very  small  om«,  as  nec-dle^j,  muat 
ground  dry  and  require  conatmined  attitude  and  clo^c  inspection, : 
thus  the  grinder  (xmitlanth'  inhales  the  ver^'  line  t^harp   [lartii^Iee 
8twl  tlint  are  thrown  off  iu  the  process.     These,  by  constant  irritation 
of  the  mucous  membranes  of  the  air  [Miwiages,  prepare  ibem  fi>r  the  n-m 
ception  of  the  specific  organiiims  of  pneumonia  and  phthisis.     At 
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the  cough  id  dry,  but  in  »  short  tim«  U  tU'cxripiinit^d  by  expect  oration. 

Among  tlioec  individuals  who  have  followed  the  work  for  a  year  or 
more  under  the  usual  conditions,  a  noimd  man  is  rare.  Their  averagu 
agv  ni  (Iratli  is  %arioU!-ly  strited  between  "25  and  40  years.  The  danger 
can  be  much  reduced  by  the  use  of  respirators  aud  by  the  employment 
of  a  blast  of  air  to  carry  the  dust  uwuy  from  the  grinder  into  an  appro- 
priute  exit. 

Not  all  metallio  du«t  is  m  irritnlinn  as  thnt  given  off  in  cutlery 
grinding,  and  in  some  oe^upations  in  which  it  in  given  off  even  more 
abandantly,  there  is  no  notieoabl«  ttttidcncy  to  phthisic,  though,  per- 
haps, the  subject  has  not  been  investigated  with  sufFieieut  thoroughnese. 
In  the  operation  of  bronzing  in  the  maniifactiirf^  of  tthow  card»,  Christ- 
max  nirtls  und  the  like,  the  bronze  jjowder,  which,  under  the  micro- 
scope shows  sharp  angles,  is  applied  to  the  pattern,  printed  in  sizing,  by 
mnttia  of  a  noft.  jiad  worked  hirgily  by  hand.  The  dust  adheres  tcna- 
doiisly  to  the  skin  and  causes  much  local  irritation,  and  is  inhaled  and 
cau»c:s  catarrh  of  the  upper  air  pas«iig(«.  In  addition,  the  workers 
suffer  headache,  bad  taste  in  (he  mouth,  anorexia,  nausea,  vomiting,  and 
diarrbo^  from  ab-iorpiion  and  local  action  in  the  alimentary  canal. 
When  the  operations  of  dusting  on  and  off  are  done  by  machinery,  the 
evolution  of  dust  is  very  much  lewiened. 

The  duHt^  of  many  of  the  metallic  salts  pro<lnce  more  or  less  serious 
local  effects,  aside  from  the  results  due  to  absorption  into  the  system. 
In  the  manufai-tiire  and  umc  of  [xitai'.'titiin  <iichriimtitc,  fur  example, 
great  irritation  of  the  nasal  mucous  membrane  is  caused,  followed  by 
nloeration  which  in  most  in.'^tanccs  end.s  in  jx-rforalion  of  the  fcptum. 
Ulcere  an.'  pro<lucod  wherever  the  skin  is  abraded,  and  especially  ou 
the  scalp,  where  action  is  promoted  by  the  scratching  which  the  irriia- 
tiwi  «dU  forth.     No  local  effects  appear  to  be  caused  in  the  lungs. 

As  an  example  of  a  calling  in  which  mineral  dust  is  given  off  in 
abundance,  that  of  gln*»  grinduig  may  be  mentione<l.  This  is  much 
like  cutlery  grinding,  in  a  general  way,  and  the  dust  produced  is  nearly, 
if  not  ijuite,  as  .iharp  and  irritating.  In  atldition,  the  workmen  are 
oAcn  snbjcet  to  lead  poisoning,  due  to  the  use  of  putty  powder  coutain- 
ing  70  per  cent,  of  lead  oxide.  It  is  a.s  rare  to  tlnd  sound  nieo 
among  this  class  as  among  needle  grinders.  Gem  polishers  and  pot- 
ters belong  in  this  same  category.  Stonecutters  and  quarrymen  are 
ex|H>MHl  to  ooareer  kinds  of  mineral  dust,  but  their  work  being  coo-j 
ducted  in  tlie  open  air -or  in  open  sheds,  they, are  by  no  means  M 
prone  to  disea.<tes  of  the  Inngs.  Some  stone  is  much  dustier  thaa 
others  and  hence  may  cause  more  marked  effects.  Micu  dust  is  ex- 
ceedingly irritating  and,  like  the  sharp  particles  of  glass  and  steel,  pre- 
fau-^  ind'HT  workers  for  the  reception  of  the  baeilliis  of  tuberculosis. 
In  the  wall  paper  industry,  it  is  applied  to  obtain  the  effect  of  "  frost- 
ing," and  assist*  or  is  assisted  in  itit  action  on  the  oiH'rative*  by  another 
very  fine  dust  made  of  finely  chopped  or  ground  lamb's  wool,  wbieli  is 
applied  to  the  jiatlern  printed  in  sitc  in  much  tlie  same  manner  as 
obtains  in  bronzing  cards.    The  workers  are  very  prone  to  phthisis. 
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Vegetable  dust  is  of  very  many  \'arie*ies,  which  afiect  the  sj 
with  varyin};  (U^'n'w  of  i»u-n«i)y.     Ordinary  wixxl  diwl  apjtrsrs  to  be 
qiiile  initoteDl  of  injurious  action  ou  the  lungs  of  carpeotcn,  nhosc 
employment  U  very  tartly  oat  of  doors,  and  of  cabinet  niakera,  wlio, 
on  the  other  band,  work  in  oonfini'mont.    Grain  thnrabfrs,  millprsand 
many  othen  expowd  to  vegetable  duM  prewut  no  great  evidence  that 
their  calliugs  are  markotlly  inimiad  to  [kwIiIi.     Ceruiin  othvr*,  bow* 
ever,  offer  important  and  iotereiting  facts,  indicating  that,  either  alone 
or  as  one  of  a  group  of  iiifliiencca,  nomc  of  the  v^-ltible  dusts  ar«  u 
disastrous  in  their  effects  aa  some  of  tbe  most  irritani  of  tliose  of  mc- 
tullio.  niilutv.      Amunjr  tlit^  most   unlit-iillliy  cIamsii*  of  wcirk  innipli-  are       i 
those  engiaged  in  cotton  and  Unen  &ctortes.     Cotton  dut^,  or  "flae,''fl 
io  very  irritant  to  the  u|i)>er  air  pafsage*  and  eau»iei'  drynoM  of  the  V 
throat,  followed  by  cough  and  exiicctoration.     In  some  operations,  k 
flized  cotton  thread  containing  kaolin  i<i  ujif^l.and  then  tbe  air  i^  laden 
ul«o  with  this  very  irrilaiin^  substance.     Flax  dust,  or  "ponce,"  in 
even  more  irritating  than  cotton. 

In  tbe  liuc-n  litctori*^  of  BclfaKt,  which,  according  to  G.  H.  Perris,*' 
employ  30,000  persons,  five-sixths  of  whom  are  women,  the  ileaths 
frtwi  phthiMi*  and  ollter  respiratory  diaeaw  have  Ix-en  shown  to  out- 
number tbiwe  from  all  other  diseases  by  about  two  to  one.  Among 
the  women  below  ■'iO  yean  of  age,  tbe  death  rate  from  {>hlbi>ii«  in  three 
or  four  times  us  high  as  among  women  of  the  sumo  ages  engaged  tn 
other  employments.  In  1  fl9'2,  the  pbthiaia  death  rale  reached  tbe  enor- 
mous height  of  41.1  per  10,000,  against  14.6  for  the  whole  of  England 
and  Waleti  and  21. (i  for  all  Ireland.  .Apart  from  the  intrituic  dai^r 
of  the  occupation,  bou'ever,  must  be  noted  tlut  the  city  itself,  from 
the  nature  of  its  soil  and  climate,  cannot  lie  a  healthy  place,  but,  on  the 
other  blind,  it  must  be  said  that  overcrowding,  wbidi  i)>  eo  great  a  fac- 
tor in  the  causation  of  the  dLwase,  cannot,  in  this  instance,  be  chaiged 
with  nil  iiiiiijiual  aniouiit  of  infliicnoi',  nitice  in  no  Othrr  citv  in  Gmit 
Britain  and  Ireland  are  there  so  many  houses  in  proportion  to  tbe  pop- 
ulation. 

^\''o^ke^s  in  tobacco  arc  exposed  not  alone  to  irritating  and  poison* 
ous  dust,  but  to  fumes  as  well.  They  are  much  subject  to  na^t  and 
bnmcliial  catnrrh:<  and  disonJers  of  the  digfrslivc  apparatus  and  nerv- 
ous system.  The  women  engaged  are  said  to  abort  very  commonly,  on 
account  of  deatli  of  tiie  fwtus.  Many  claim  lluit  the  occupation  to 
itself  is  not  an  unhealthy  one  and  that  it  possesses  certain  aavanta^ 
in  that  it  renders  ihe  individual  h-w  itUMi-plibIc  to  infective  agtat«. 
Ah  evidence  of  tiiis,  it  is  suid  that  during  the  creat  cholera  epidemie  at 
Hamburg,  in  1892,  there  were  htit  8  ca»(«  of  the  diaeiwe,  with  4  dvathi, 
among  the  5,000  cigarmakcrs  there  readcnt. 

Animal  dust  is  given  off  in  tlie  numerous  industries  in  wfaidi  wool, 
silk,  feathers,  fur,  bristlit*,  hair,  born,  bone,  shell,  ivory,  and  other 
subatam'c-)  of  ajiiiiial  origin  are  u.sed.  These  substaaoes  are  irritating 
to  different  extents,  as  would  naturally  be  supfMscd  from  their  very 
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diverse  chiinicUT,  boiik-,  an  wool,  (wiHiew,  iiinl  wlk,  n.-»c:iiil)lin|r  in  acIJoii 
cotton  and  6ax,  and  others,  aa  shell,  bone,  snd  ivoiy,  acting  more  like 
tlie  miDcral  diintx.  'I'hc  ri|HTatIvi'!i  in  woolt'ii  niills  appear  i>ii  thf  whole 
to  be  rather  leiis  subject  to  phthisis  thiiii  those  engiiged  in  the  cotton 
aod  flax  indi»trieT>.  Amonj^  the  otlierx  of  thi^t  nlnsH,  those  muking 
bmsbra  and  buttons,  cHjieciully  pearl  btittuni;,  sire  reg»rded  as  taking 
greater  risks  than  the  rent.  Most  statiatios  of  these  indiifltriea  are 
faulty  and  ineouclusive. 

■I.  Occupations  Involving  Exposure  to  Infective  Matter  in  Dust. 

This  class  incUides  those  Imving  lo  do  with  ra^,  wool,  horsehair, 
hides,  and  other  materinls  likely  to  be  infected.  The  imporluucv  of 
rags  as  a  vehicle  for  infection  has  been  much  overrated,  but  the  dan- 
ger is,  iiovcrlhcloss,  n  rm]  one,  a»  the  cxjierieiiw  of  p«[KT  inflkiT.-'  htm 
ofleo  demonstrated.  The  only  method  of  ensuring  freedom  from  in- 
fection through  IIk-  handling  of  riig!*  i"  ihoniiigh  ilijain  feet  ion,  a  proc- 
eaa  involving  an  expense,  it  is  asserted,  much  disproportionate  to  the 
results  achieved. 

The  most  common  diwciwe  connected  with  infected  raw  material  is 
anthrax,  or  "  wwil  sorters*  disease,"  the  spread  of  which  is  often  traced 
to  horsehair,  wool,  and  hides.  Nichols  '  rci>ortcd  2ii  cajw.*  of  this  dis- 
ease as  occurring  in  one  curled  hair  factory  in  thi^e  years.  Ravenel  * 
collected  1 2  cases  occurring  in  men  and  60  in  cattle  in  three  htcalitica 
in  Pennsylvania,  during  the  summer  and  autumn  of  1«!)7.  All  of  the 
men  worked  in  tunm-rieK,  and  all  of  the  cattle  were  pastured  in  mead- 
ows watered  by  streams  which  received  waste  products  from  lanyards. 
The  akiiis  at  fault  came  from  China. 

According  lo  Dr.  S.  Lcduc,^  im[M>rted  horse  hair  is  the  most  danger- 
ous material  brought  into  France,  The  French  market  is  supplied  by 
8outh  Aincriwi,  wlicncc  it  is  aliipi«cd  in  bales  eomprewed  by  liydniulic 
pressure.  Unpacking  the  bales  and  sorting  the  contents  at^cording  to 
color  are  alike  regarde«]  as  dangerous.  After  U-ing  sorted,  the  hair  is 
beaten,  and  in  this  proceas  much  dust  is  caused.  It  is  then  carded  and 
spun  iuto  ro]H^.  1  hi>  precautions  to  Ih>  taken  include  removal  of  dust 
by  special  blower  appiiratiis,  |M?rffct  cleanliness,  and  great  watchful- 
neas.  Disinfection  of  the  hair  witliout  ini)<airing  iti  commercial  value 
or  unduly  incrt^using  its  cost  is  said  to  be  impracticable. 

Naturally,  the  danger  of  infection  by  the  spores  of  anthrax  on  hides, 
hair,  and  the  many  kinds  of  wools  ooming  from  countries  where  the 
di!«ase  is  common  cannot  in  any  individual  case  be  foreseen.  From 
ordinary  ■hecp's  wool,  the  danger  is  flight,  mid  fmrn  native  wools  is 
practically  non-existent.  When,  for  any  reastm,  danger  is  apprehended, 
workmen  with  sores,  cuts  or  abrasions  on  their  handa,  arms,  faces,  or 
necks  shouhl  not  V'  employed,  ventilation  should  be  thorough,  and  all 
precautions  should  l:>e  taken  to  prevent  dinseminatiou  of  the  dust. 

■SfCMtd  Annual  Kqwrt  «f  liic  Suue  Hoard  «t  IlRdlli  of  MnamcliiiM-IU,  p.  86. 
'  IC«(H>ri  uiil  I'linxnaf  (lie-  Aiiierkiiii  I'lilillr  II>.']itili  AwueiBliun,  Vol.  24,  p.  SOS. 
*PtiUi(r  IlmllL  Ki-iHirtm  \\aj-Z\  ISfX).  p.  VMHi. 
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h.  Occapatioiu  Involriog  the  InbolatioQ  of  OffenUTe 
Qasea  and  Vapors. 

Thb*  cla.««i  of  occupa^ons  tnoludea  &  great  variety  of  what  are  knovn 
BB  "offeiuive  trades,"  hariuf;  (o  do  n-ith  orj^uic  matter  laifrcl^  of 
aninud  origin,  such  as  tanning  and  currying,  soap-niaking,  gliie-makiiig, 
fcrttlizcr-niakinf;,  fat-rvndcriug,  boar-botling,  kcrping  animals,  «tc 
While  there  can  be  no  doubt  that  these  oCTensire  trades  are  a  frequent 
Bouroe  of  niilNince  to  tlie  community  at  large,  vvidenov  of  injiirioii*  !&• 
fluence  on  the  health  of  those  actively  engaged  and  of  the  population  in 
llie  immMiiale  vinJiiity  of  the  work*  in  dwidt-iily  MK-nii>'r.  'l'hi.-re  can  be 
DO  doubt  of  the  disadvantage  of  having  such  establishments  located  in 
the  midst  of  thickly  settlea  communttic:>,  and  lienoe  their  tiuiHTvision 
constitutes  a  moot  important  p&rt  of  the  duty  of  public  authoritic«. 
The  workmen  are  likely  at  first  to  suffer  from  nausea,  vomiting,  lotia  of 
ap]>elit«,  and  heailachc,  but  lhc«c  evidences  of  disturbance  disappear 
within  a  short  time  and  do  not  recur.  | 

Ointrary  to  general  opinion,  these  occupations  not  only  do  not  ap- 
pear to  shorten  life,  but  from  such  &cts  as  are  presented  by  the  mor- 
tality statistics  of  occupation.^,  it  may  lie  infern-d  tlial  they  conduce  to 
longevity,  fur,  as  a  class,  their  average  age  at  death  is  quite  high.  It  is 
hardly  necessary  to  go  into  the  details  of  the  prooeosea  involved  in  the 
different  callings, 

6.  Occupations  Involving  Exposure  to  Extremes  of  Heat. 

Exposure  to  extreme  heat  is  a  concomitant  of  a  number  of  other 
uuMiiiitnry  influenccff  which  affect  the  heidih  of  the  worker  in  a  variety 
of  occu^iations,  which  include  those  of  engineers,  stokera,  cooks,  baker*, 
miners,  fimudrymcn,  weaver*,  enipIoyeoM  in  rolling  milU,  wire  millf, 
sugar  relineries,  and  glate  factories,  and  others.  The  effects  of  great 
heat  alone  arc  oxliaustton  and  therniii'  fever,  and  when  In  thcM  are 
added  those  of  vitiated  air,  dust,  irritating  fume»,  and  dampness,  tbf 
consequences  may  be  very  grave.  Sudden  diilling  of  the  body  and 
pndonged  expotturo  without  intervals  of  rest  are  especially  to  bt 
guarded  iigainst.  The  workmen  of  this  class  are  commonly  affected 
witli  calarrlial  and  rheumatic  troubiM,  diseases  of  the  kidneys,  and 
skin  crupttons. 

7.  Occnpationa  InToIringr  EzpoBim  to  Dampness. 

Bsposure  to  indoor  dampness  is  usually  only  one  of  a  number  of 
debilitating  influences,  the  effects  of  any  one  of  which  are  not  suscep- 
tible of  correct  measun^ment.  Outdoor  fUinpnens  is  prolMbly  far  Ims 
influential  for  evil,  but  continued  exposure,  coexistent  with  exhausting 
labor,  w  conducive  to  rheumatism  and  bntnchial  troubles.  With  ordi- 
nary care,  however,  those  expose<l  to  vicissitudes  of  weather  and  to 
wetneos  from  other  causes — drivers,  boatmen,  fishermen,  and  trcndi 
<liggers,  for  example — enjoy  gootl  health  and  are,  as  a  chiss,  long  lived. 
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8.    Occopatioiu  Involving   Exposure  to  Abnormal  Atmospheric 

Pressure. 

The  principal  oalliug  of  tliia  group  is  that  of  caisMiu  workers,  who 
suffer  from  whnt  in  known  m  the  wiissoii  (li:*ca»e,  the  pntholofj)-  of  which 
is  by  no  means  clear.  A  caisson  may  be  defined  as  a  large  inverted 
water-tight  box  in  which  work  is  performed  below  the  wiiter-level,  ns 
in  the  laying  of  foundation§  for  the  piers  of  bridges.  It  is,  in  fact,  a 
diving  liell  on  a  large  s«ile.  It  is  provided  at  the  top  with  a  .nhaft  for 
ingraut  and  egress,  coDimnnit^ting  with  which  and  with  the  interior  ie 
a  chamber  with  two  set*  of  doors,  known  us  an  air-lock.  Placed  in 
position  and  heavily  weighted  with  iiiusotiry,  it  sinks  into  the  mud 
beneath.  Tiie  air  in  its  interior  is  compressed  by  the  action  of  the 
8Urroiin<liiig  water,  mid  ihe  thereby  diniiiii.<hed  air  i(|«ee  i«  restored  by 
lowowartl  displacement  of  water  throngh  the  agency  of  powerful  air 
pumpH.  The  deeper  the  cni.s«on  sinks,  the  greater,  of  ooiin*e,  the 
atmospheric  pressure  within. 

As  the  work  of  excavation  progres-ws,  the  apparatus  sinks  dee}»er  and 
deeper,  being  assisted  in  its  downward  movement  by  the  weight  of  the 
•uperimposed  maAonry ;  and  when  the  proper  geological  formation  ia 
rwiched,  the  interior  is  filled  with  concrete,  which  thus  forms  the  solid 
fonndation,  and  the  box  is  letV  there.  In  entering  the  caisson,  the 
workman  goes  first  into  the  air-loek  «ii<l  chww  the  door.  The  pressure 
in  this  compartment  is  then  gradually  equalized  with  that  of  the  caisson 
eliamber  by  mean^  of  an  inlet  pipe  controlled  by  a  valve,  after  which 
he  opens  the  inner  door  and,  entering  the  chiimber,  closes  it  again.  In 
emerging,  the  process  is  reversed:  the  pressure  in  tlie  air-lock  l)eing 
raiscu,  he  enters  and  closes  the  door ;  by  means  of  another  vulve,  the 
pressure  is  gradually  lowered  to  normal,  and  then  the  outer  door  is 
opened.  Tlic  openitions  of  locking  in  and  out  must  l>c  conducted 
gradually.  In  locking  out,  the  rule  is  to  allow  at  least  one  minute  for 
each  six  |)onnds  of  pressure  within  the  chamber.  Attention  must  lie 
pMd  also  to  the  lowering  of  tempemture  which  accompanies  the  expan- 
sion of  the  air  within  the  lock. 

Tie  symptoms  of  the  peculiar  disturbance  do  not,  as  a  rule,  ap- 
pear unlit  the  pressure  equals  ^0  pounds,  and  .■wme  time,  nit-asurc-d 
in  minute*  or  even  hours,  after  emerging.  In  some  esses  in  which 
cerebral  and  spinal  symptoma  are  severe  from  the  beginning,  death 
OCCURS  within  b  short  time.  The  symptoms  include  hcudiielK-,  piiin  in 
the  ears,  rapid  pulse,  sweating,  severe  pains  in  the  legs,  back,  and  epi- 
gwlrium,  and,  later,  paralysis  of  the  motor  nerves,  generally  of  the  legs, 
BMoetimesof  the  arms,  ami  not  infreijncntly  of  the  bladder  and  rectum. 
The  motor  nerves  arc  in  sonic  instances  involved  before  the  sensory 
disturbances  appear.  The  epigastric  pnin  is  sometimes  iie<'i>nipunietl 
by  vomiting,  more  or  less  severe  in  character.  Mild  cases  of  the  disease 
lost  fri>m  ft  few  hours  to  ft  week  or  longer,  hul  whetiier  mihl  or  severe, 
cnmplcle  recovcrj'is  the  rule.  Where  electric  lighting  is  not  emploved, 
irritation  of  the  limnchini  inueou^  niein1>rnue,<^nigh  and  expectoration, 
due  to  unconsumed  soot,  are  not  uncommon. 
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Tliit  cuiiw  of  the  main  s^inptoms  liiu  bt-cn  th«  subject  of  con»ideri 
able  npeculation,  and  whether  it  is  ao  ex«'.'<s  of  oxy^n  in  lh«  tit<su«t,l 
wbi<Ji  Kwiii*  improbable,  or  confjwftioii  of  tho  (-t-nlral  iicrvoiio  srstem, 
or  some  other  comiition,  appears  to  be  incapable  of  e  lucid  alien.  The 
n»i>  of  iiitoxicniiU  npp<>jm  to  li«  a  predisposing  influence;  hene^ 
drinking  men  should  not  be  employed.  Thin  men  are  much  less  bus- 
cepliblv  limn  the  »t<int  and  fiill-bloiMltKl.  Work  sliould  never  be  per- 
formed on  an  empty  stomach,  and  |ierio<b  of  a)>9olute  rest  should  be 
fn-([Uf:nl  when  \\\e  pre^iure  is  nniumiilly  high. 

Sabmariiie  divers  are  subject  iu  a  lemer  degree  to  tbe  same  train 
aymptoms. 

9.  OccapatioQS  Involving  Oonstrained  Attitude. 

Tbetie  include  a  wide  variety  of  traden  Uiading  to  varioui>  defiirniitif 
the  moat  important  of  which  \s  constriction  of  the  chet^t.     Bad  air  is : 
aHnmon  ooexitttent  condition,  and  phthisis  is  a  frequent  oaiue  of  deati 

to.  Occupations  Involving  Overezercise  of  Parts  of  the   Body j 

The  occiiputioni  of  this  elas*  brin|;  iiliout  n  vuriety  of  deformiiie 
and  of  fatigue  neuroses  characterized  by  diriturbsnoe  of  the  functions 
nctivily  of  f;niup»  of  niilKles  tniinetl  by  practice  in  highly  !(peeialiBed 
coordinated  movements.  These  include  such  ooudilions  as  the  cramps 
of  writers,  lelcgraphcnt,  pianists,  vioiini.>*t»,  engravers,  »eau)!tric«(». 
and  others,  and  localized  paralj'ses  and  tremors.  The  patholt^  of 
llie^i-  condition!*  is  very  oK'«ciire,  but  in  certain  of  the  ca8<-s,  especialh 
those  in  which  the  larynx  is  ovcrexcrciscd,  the  element  of  hystem 
enters  to  a  considerable  extent.  The«)e  abnormal  oonditiong  are  of  Gtr 
lens  hygienic  importance  llian  any  that  liuvc  been  considered,  and  are 
of  interest  chiefly  to  tlie  specialiat. 

11.  Occupations  Involving  Sedentary  Life. 

Certain  callings  arv  commonly  t^t  down  ai*  MuleaUiry  occupationii 
but,  strictly  spciiking,  this  class  is  very  closely  interwoven  with  several 
of  those  already  ini'iit.ioned.  For  instance,  a  very  large  number  of 
indoor  occupations,  carried  on,  perhaps,  under  conditions  peculiar  is 
themselves,  are  at  the  same  time  sedentary  in  their  nature 

Tho  abnormal  (xinditions  brought  about  by  sedentary  life  are 
induce<l  by  a  lack  of  general  exercise  of  the  body.  This  brings 
a  general  sluggisluKy^  of  the  functions,  which  is  ordinarily  most 
marked  in  those  of  the  abdominal  organs  and  heart.  Tbe  oon^equeJioa 
of  too  close  confinement  and  lack  of  exercise  are  too  woU  known  to 
need  any  detailed  mention.  Ordinarily,  tlioy  can  be  expre^ied  by  tbt 
term  "genera!  debility."  There  is  no  [mrticular  reason  why  sedentarr 
neciipation*  shotihl  injure  hoalth,  and  it  will  be  found  in  .ilmust  all  in- 
stnncee  of  impaired  function  that  tlie  scdentar)'  habit  is  iKit  |>cculiai 
to  the  individual  while  at  work,  but  during  both  work,  and  leisure 
honnt.  The  sedentary  worker  has  the  matter  of  prophylaxis  in  hi* 
own   hands  and   kIiouM  take  a  reusuuahic  amount  of  exercise  dailVf 
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fferably  In  the  open  air.  It  ifl  common  to  includi^  brnin-workor*  in 
iKi.'*  olaa*  ami  to  attrtbiiio  to  the  serleiitary  side  of  their  live*  the  con- 
sequences of  ovt-n-Xfrtion  of  thf  mind.  It  must  U'  rciiicnihi-nd  thnt 
activity  of  th«  mind  has  no  shortening  influence  on  life,  but  abuse  of 
the  lupnlal  iiuwcrs,  anil  cspcciiilly  mental  worry,  conduce  to  headache, 
insooinia,  and  general  breaking  down  of  the  nervous  system  and  of 
tlir  gcm-nd  hcaltl). 

PEOPHYLAXIS  IN   GENERAL. 

In  what  has  gone  before,  it  will  be  noticed  that  the  disastroUB  effects 
aUriUiid-d  to  occupations  arc  in  very  lar^c  part  dne  to  non-observance 
of  the  principles  of  general  hygiene,  and  chiefly  to  inattention  to  that 
numt  important  »auititry  uK'a^^nro,  p^^rft.-ct  ventilation.  It  will  have  l>ccn 
Doted  that  in  Groiipe  1,  '2,  <i,  4,  O,  and  t>,  the  conditions  which  bring 
aWiit  an  impairment  of  health  caii  Ik*  reduced  very  largely  by  a  con- 
stant itupply  of  fr<^'f^h  air.  With  proper  attention  to  this  matter  and 
improvement  in  the  home  and  home  influences,  greater  att4-nlion  to 
the  cbaracUT  and  prcpunition  of  food  and  a  more  general  observance 
of  the  beneficial  inHuence  of  active  outdoor  exercise,  no  very  great 
diflereiHX'S  would  Ix;  uotdl  in  the  health  of  the  various  ehissis  of 
workpeople,  and  the  expression  "occupation  dieeanes"  would  lose 
wluitever  significance  it  now  has. 

Employment  of  Women  and  Ohildrvn. 

In  view  of  the  dangers  and  conditions  incident  to  a  great  variety  of 
occu{iatiana  directly  or  indin-ctly  Inimical  to  healtli,  it  is  of  the  nImoMt 
importnnoe  to  protect  the  health  of  women  and  children  by  restricting 
tfaem  in  the  daily  number  of  hours  which  tbey  may  give  and  pro- 
bibitJDg  their  employment  in  distinctly  dangerous  surronndings,  for 
women  and  children  are  more  delicately  organiKcd  and  less  reiiist- 
nnt  to  weakening  influences.  Particularly  must  women  W  protected 
daring  the  child-bearing  age,  so  that  tbey  may  be  ensured,  so  far  as  U 
po^ible,  a  healthy  progeny.  It  hardly  needs  In  l)0  said  that  children 
sbotdd  be  most  carefully  protected  during  the  period  of  their  full  de- 
velopment, in  order  that  tney  may  come  to  maturity  In  a  flt  condition 
to  t«kc  on  tlie  n-spttnaibilitiea  of  the  family. 

Inattention  to  the  very  great  importance  of  conserving  the  health  of 
wonK'ii  and  childn.<n  'nf  iKiinnl  sooner  or  later  to  rt'sult  in  degeneration, 
and  this  fact  has  receivo<]  the  attention  of  the  law-making  bodies  of 
all,  or  nearly  all,  civili/ed  countries.  In  this  country,  it  is  i^onstitution- 
allya  matter  for  legislation  by  individual  states,  in  many  of  which  not 
only  is  tlieir  physioal  weliiire  protected,  but  the  moral  as^iects  of  tmdes 
as  well  rcocive  due  attention. 

Ky  legal  enactment,  the  employmeut  of  women  in  certain  kinds  of 
work  18  alKiolutely  prohibited  and  in  many  others  is  restricted  as  to 
number  of  hours  according  to  the  nature  of  the  work.  The  very  great 
value  of  most  of  the  legislation  regulating  labor  by  children  and 
women  is  too  clear  to  need  demonstration. 


Tub  sck-imx-  of  vitnl  »lnli^tift«  ixini|iri»(«  llic  RiinlvMs  and  •vntbt 
of  factti  concerning  the  life'Iiistory  of  populations.     It  points  out 
nnt)  ti}  what  extent  iUmsw  and  cleatli  an^  on  the  iiicreaivc,  and  goggestM, 
therefore,  the  inauguration  of  combative  snnitary  effort,  the  efficiency, 
of  which  it  euables  oa  to  meitsare.    It  furni^>ea  (he  boAis  for  the  studj 
of  all  the  various  social  problema  which  affect  increase  and  diminutio 
in  numbers. 

It  is  axioiuutic  that  the  ftictt  omployH  mu«t  be  iiHinprous  and 
curately  stated  and  classified,  in  order  tlint  the  information  BUpplie 
thererrvm  shall  be  truMworthy  and  of  value.  Th<!«c  fact*  compriw 
tho^  which  are  yielded  by  the  oensus,  aa  numbers,  age,  sex,  color,  oc- 
oupatiuTi,  and  conjugal  rclationtt,  and  (ho:««  rejtorted  to  and  recorded  Lv 
local  and  centml  authorities  conoeniing  infectious  diseases,  marriages, 
birtliH,  and  di^athA.  ^ 

The  study  of  these  fiicts  and  tlieir  correct  iiit«rprctutioii  are  by  u<i^| 
moiinH  simj>le.     In  cenaua  years,  it  ia  not  difficult  to  obtain  praoticall? 
accurate  iufurmation  of  the  sin;  of  the  population  and   the  ratios  of     i 
birtha,  marriages,  and  deaths,  and  at  all  times  to  know  the  degree  <i^H 
prevalence  of  notifiable  dii^mjics  ;  but  the  intdlif^'nt  interpreUtion  of^ 
tliese  facts  is  of^eu,  if  not  usually,  a  most  comple-\  problem.     In  the 
han<N  of  tluMt-  u'ho  undcrslaiid  tho  fall8der>,  the  numeniii;*  i>ottn.T»  if 
error,  the  corrections  tu  be  applied,  and  the  comparative  values,  static 
tics  can  be  made  to  yield  knowledge  of  iromeiine  ^'aliie  to  sitniiaTy 
science;  but  in  the  hands  of  tlie  unskilled  or  uuscrupuloua,  tboy  maybe 
more  productive  of  barm  than  absolute  igaoranoe,  for  it  i»  better  not 
to  know  nt  all  than  to  be  miftinformed. 

It  is  well  known  that  it  is  often  possible  apparently  (o  prove  two 
direct  oppx'litevi  wilh  the  .•uitne  stnti.-4io<,  the  fallacie»  being  nnobwnfd, 
and  to  this  fact  is  due  the  low  estimate  in  which  all  stniistica)  Audits 
arc  held  by  those  incapable  of  diiitinguinhing  the  false  fn,)m  lite  true. 
Statistics  may  be  made  to  lie  while  they  appear  to  tell  the  truth,  and 
they  have  been  raised  to  superlative  rauk,  therefore,  among  fnl^ifieTS 
of  all  degre«.s.  fl 

As  has  been  suid  already,  the  interpretation  of  statlstica  ia  no  simple" 
matter.  It  required,  in  fact,  a  minti  not  only  naturally  lineal,  but 
trained  in  dniwing  scicntilic  inferences,  in  the  recognition  and  avoid- 
ance  of  (he  inSueuce  of  fallacy,  and  in  the  correct  irTttiuiuiion  of  liie 
value  of  different  factors  and  disturbing  influences.  Btit  evejt  villi 
Kvenil  euch  minds  working  on   tlie  same  taa»a  of  material,  dcci< 
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differenoes  may  he  found  in  their  Fcspective  conclusioDS,  wme  nppn- 
rviitly  simill  fiict  Itciiif;  ovvrlixik<H)  liv  one  or  Iietng  credited  with  un- 
due importance  by  another.  Thercfure,  in  piil^lisliini;  fiidtt  and  in- 
lervnoc^,  it  i»  well  to  givt  nn  inucli  as  poH&ibte  of  t)ie  details  and  to 
bring  out  clearly  the  thread  of  the  rettHoniiit^  leading  to  the  final  con- 
duftioni*,  for  then,  oilier  nnalyntA  may,  by  pointing  out  debatable  tseues, 
aseii^t  in  dnluciug  the  absolute  truth. 

The  Cenaus.— The  very  foundation  of  vital  statistics  is  a  knowledpt- 
of  the  siw  of  thi'  population  and  of  the  apes  of  the  units  of  whieh  il  ia 
ooraposed.  In  census  years  this  may  t>e  regarded  as  Bubetantially  ac- 
curate, Imt  in  Iho  intervening  y^'«r^^  it  is  nc(x*^ftry  to  make  fstiniatea 
based  on  past  and  present  indiciitions,  which  may  leml  to  wide  varia- 
tions fniui  the  Irulli,  uol  ^nMi-<-ptil)l'0  of  correotion  until  ihc  next 
enumeration.  The  census  is  taken  in  all  civilized  countries  at  stated 
iotervaU,  usually  of  five  or  ti:-n  years.  In  France  and  in  Oermnuy,  it 
is  taken  every  five  years;  in  this  country  and  in  Great  Britain,  every 
ten  years.  In  this  country,  many  of  the  individual  States  have  an  in- 
dependent enumeration  in  ihe  middle  of  the  intereensal  period,  so  that 
ibe  census  is  virtually  quinquennial.  The  c»inaua  gives  the  ]>o]iulatiou 
of  ««oh  communily  and  im|>ortanl  fact*  ns  to  age  distribntiou,  sex  dis- 
tribution, race,  occupations,  and  civil  state. 

From  the  very  nntnre  of  the  work,  dealing  in  a  very  iihort  time  with 
vtuil  numWrs  of  individual  soun^'«  of  information,  no  census  can  be 
abnidutely  accurate,  but  under  present  methods  the  re^idti^  obtained 
may  be  regarded  ns  being  a»  nearly  aecunite  as  possible.  It  is  proli- 
able  that  in  a  large  degree  the  errors  counterbalance  one  another,  but 
how  fur,  can  be  only  a  uiaiu-r  ofoonjeclnri'. 

Tl>e  sources  of  error  in  census  taking  are  intentional  frauds  and  neg- 
ligcnoe  on  tlie  [>art  of  the  enumerators,  ignorance  and  wilful  iniMMlate- 
meDt  OD  Ihe  part  of  those  interrogated,  absence  of  residents  when  called 
ujion.  and  inclusion  of  transient  visitors.  In  181X1,  it  is  well  known, 
in  oertuiu  citiw  groj^s  fnuids  were  pnietiwd  in  "padding"  the  r«- 
tunts  so  as  to  increase  the  fees  due  the  individual  enumerators  con- 
eeroed.  In  one  ease,  a  hole!  register,  miuiing  btu^k  seven  yeare,  i* 
known  to  have  serveil  as  an  ntd  in  the  manufacture  of  population  re- 
lumed. During  the  same  census,  many  con)|dainlH  were  made  that 
whole  5tnx'ts  nud  dir^triet*  were  omitted  altogether,  the  inference  I>eing 
that  the  enumerators  either  did  not  rt^rd  the  work  an  suflieiently 
remnikvnilive,  or  nutde  up  llieir  re|Mirts  regiinllcss  of  the  facts  and 
without  the  disagreeable  necessity  of  going  from  house  to  house  for  in- 
formnliou  only  i«lowly  obtained. 

Ignorance  on  the  part  of  the  person  questioned  is  doubtless  a  more 
fruitful  source  of  error  than  intentional  misHiatement.  Many  })«rsous| 
do  not  know  their  agir  anil  give,  therefore,  only  u  guess,  which  is  moat 
oomraonly  expressed  in  multiples  of  five  and  ten,  more  especially  ihc 
latter.  This  tendency  iippcjirs,  in  genenil,  only  after  the  twenty-fifth 
year,  and  is  shown  graphicjilly  by  means  of  the  aocomjiauying  diagram 
(Fig.  100)  by  Mr.  K.  H.  Hooker,  taken  from  Newsholmi's  Vital  Sta- 
43 
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tistics.  Af^in,  many  data  coDWming  thv  occupnnte  of  a  hoiue  are 
giv«n  hy  pereoDB,not  ()tinlitied  to  koow  ;  thus,  tbe  mlurns  for  a  nliolo 
femily  may  Ik  based  upon  the  stutcravnt  of  a  8er\-ftnt  Dot  long  in  the 
pUce. 

lulentiofuil  miBStatcini.iit  ig  nuwt  coinnxii)  with  re^rd  to  age  and 
ocy;upation,  many  wUbiDg  to  appear  youuger,  others  older  than  they 
rvally  are,  and  iimny  hc'tog  reluctant  to  state  oom>i!tly  the  occupations 
of  them«;lve!«  iind  of  members  of  their  households,  preferring,  perfafl})*, 
lo  record  otiiers  more  "  gviiu«l  "  or  im|»or(aiit.  Other  wiifiil  misstaUe- 
monts  ere  very  oommonly  due  to  that  ovcr-developnient  of  the  scnae 
of  humor  that  disposes  it8  unfurlunate  |>(»«e:«t<Ar  to  r^ard  extravagant 
lying  as  the  acme  of  wit. 

TIk-  i  II  ten  I  ion  n  I  iiii^^tnti^ment  of  age  i»  more  commonly  a  faolt  of 
women  tlmii  of  men.     Women  nrv  prone  to  understate  their  i^  afW 

Fm.  100. 


S—btr  or  pwaim  in  Tiwm»nU  IWlog  ■!  mtt  jimi  nf  w,  ttumnliiiK  lo  the  ( w»Ht  lefcitaW.  ilw«W 

passing  twenty-five;  with  niwi,  the  tonilency  is  to  add  mther  lh«' 
oubtrael.  AAer  twenty-five,  many  women  become  sensitive  and  give 
their  age:*  a.-'  under  that  age,  anil  do  not  progrc.<«.4  for  several  ytutr- 
This  is  shown  slatisticallv  bv  the  Rritish  census  returns,  from  which  il 
appears  that  the  girU  of  10  tn  !■'>  yenrs  of  one  census,  who  bccniM 
women  of  20  to  2o  ycnrs  of  the  next  census,  reaeh  these  tatter  dff 
periods  witlwut  suSering  any  loss  in  number  through  death  and  cni* 
gmtion,  hut,  on  the  contninr',  with  an  nugmentutton,  while  the  woimo 
of  20  to  2'>  years,  who  l>eo«nie  .'JO  to  35  years  old  at  the  next  eatsa 
ghov  a  very  great  diminntion  in  number. 

Thus,  as  »hown  by  I>r.  Farr,  the  Registrar-General,  in  1S41 
number  of  girli  of  10  to  15  voir*  wa*  1,003,!19>  and  in  1851, 
number  of  women  of  20  to  25  years  was  1,0^0,456,  or  27,337  nuxt 
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while  (lie  wom«n  of  20  to  '2'i  yenrs  in  1S41  Dumberod 
yicltlwl  in  IS.Il  only  7tJ!*,71l — a  loss  of  201,!ta5.  It  is  iiiciiTiccivahle 
that  till-  Io^tI's  ttiiioDg  thp  younger  group,  dui?  to  deiitli  und  emigmtion, 
should  have  been  more  than  offset  by  immigration  to  tint  t^xtpiil  of 
27,337,  aikI  tltut  tbo  huiiic  inl1tii>n<K-  eliotiM  liavo  fnilvd  to  the  pxtciit 
of  204.!)S5  to  tlo  the  same  thing  for  those  of  the  later  iige  [leriodB. 
This  ciiwrepaney  i*  wiid  to  Ix-  ejipiiUlo  of  (lenionstnition  by  compnriHoii 
of  the  returns  of  any  two  consecutive  sTibscf|iienl  enumerations,  ('hil- 
drcii's  ages  arc  very  nmitiionly  ovor^^liift-d  in  thi'  fiirlicst  yoars;  tlion,  u» 
the  lituit  of  age  for  free  tranfiportation  in  public  conveyances  is  passed, 
(hey  are  uniU-rstatod  as  long  ati  poi^ftible.  Kiimlly,  wlivii  tin-  !<liitntory 
minimuDi  of  age  is  the  only  bar  to  tlie  ntilization  of  children  in  the 
various  trades,  the  year:*  hi-Id  back  are  restored  with  mime  additions. 

Esttmated  Population. — In  intcrconnal  years,  it  !!>  necessary  to  esti- 
mate as  nearlyas  |H>ssible  the  growth  ordecline  of  a  population,  making 
tise  of  Kuch  ffu-tont  iw  win  lit-  oblainvd  by  compiirisou  of  the  two  preced- 
ing euuraerationa  antl  from  other  observed  influences.  This  h  vory 
Cumniotdy  donti  by  dividing  the  difference  between  the  liglires  of  the 
two  by  the  number  of  years  of  the  interval,  thus  obtaining  tlie  yearly 
inoreit^  ordiminulion,  and  reducing  it  to  a  pertwutage  whieli  is  awurnvd 
to  be  (ho  rule  obtaining  until  the  next  census,  Thiii,  of  course,  is 
nw-rtly  a  giiess  which  may  be  near  or  very  wide  of  the  Iruth,  »iiicc 
vcr>'  many  tnflnenecs  may  be  in  operation  to  bring  about  conditions 
a«tnally  very  different.  Rut  one  must  work  with  the  be.st  data  avail- 
able and  eliminiite  as  much  of  error  n*  |)o»»ible,  hence  the  ratio  of  in- 
oreaBe  or  diminution  i^  assumed  to  hold  until  the  nest  census,  and  in 
the  tDnintimc  erroif  nni!<t  be  diminished  ti!<  much  as  jiosiiiblc. 

One  of  the  first  errors  into  which  one  falls  is  in  assuming  a  fixed 
ntio,  Inimn)  upon  the  abovc-uivnlioned  metho<^l  of  caicnlation.  I^et  it 
be  assumed,  for  example,  that  the  annual  increase  in  the  populatlou  of 
a  city  of  ino,Ort<i  inliabitants,  detorminffl  by  a  eompariwiu  of  the  two 
preceding  enunicnitlons,  if^  '2  per  cent.  ;  if  we  reckon  that  iu  5  years' 
lime  the  population  will  have  increased  ."j  times  2  per  cent.,  that  io  to 
say,  from  100,000  to  1 10,000,  we  fall  at  onw  into  error,  for  the  in- 
enwte  proceeds  not  by  simple  but  by  compound  interest,  since  in  reckon- 
ing by  simple  iuten-.*!  no  nllowauw  \k  miulc  for  (he  augmentation  of 
capital,  so  to  itpeak,  due  to  the  annual  IncreaHe  in  the  number  of  per- 
son* arriving  at  the  nubile  period. 

The  method  generally  adopted  is,  therefore,  based  on  the  assump- 
tion thai  |io]>ulation  increa.'>e.4  in  g(M>meti^cal  rather  than  arithmetical 
progression,  and  the  formula  eniployeil  i*  /"  =  fyf  -)-  r)"  in  which  /" 
represents  tlie  estimated  (mpulation,  /'  the  population  according  to  the 
taut  census,  r  the  annual  nitc  of  increase  |ier  unit  of  [wpulaf  ion,  asoiT- 
Uined  by  comparison  of  two  suct^asive  enumerations,  and  n  the  num- 
ber of  the  intorci'n«il  year  in  qnesliou.  On  the  basis  of  a  2-iwr-cent. 
annual  in<!rcase,  the  population  at  the  end  of  the  first  year  would  be 
102,Oi_K>:  at  the  end  .>f  the  necond,  it  would  Iw  102,000  plus  2  per 
cent.,  or  104,040;  at  the  end  of  the  third,  106,121  ;  at  (h«  end  of 
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tbe  fbartb,  ]08,24-'; :  aad  at  tin  end  of  the  fifth,  1 10,40S,  or 
create  of  408  over  the  origiiuil  i^vtjiniitc. 

As  aa  illtistralion  of  tbe  manner  of  spjilying  this  formula  in  ibe 
estimation  of  the  pupniatioii  at  the  vxpimtton  of  the  fifth  ioterceDsal 
je«r,  in  lhii«  lii^tance  of  an  original  population  of  100,000  iwrnLiitig 
at  the  rate  of  2  p<;r  m-iiI.,  thv   foUowio]^  imiy  wn'c.     The  formula 
U  i"  -  100,000  X  (1  +  .02)* ;  (1  +  .02)*  =-  1.10408.     100,000  x 
1.1040»=  110.108  =  /•■  as  j^iv.-ii  iil>.>vc.     MitcU  timir  ia  suvctI  in 
oalcnlation   hy  recourse  to  logarithms.     For  n   proper  estimation 
tbe  ]iopul«tii>n  at  any  [lartictiliir  [)erio<l  in  lli«  year  on  thix  Iiii^lk,  <I 
allowance  must  be  mntle  for  ibe  fraction  of  the  tinconipleted  year. 

Population  is  sometimes  estimated  hy  using  as  a  factor  tbe  avenge 
number  of  persons  {wr  buhit.ilion  according  to  tbe  preceding  t«nsr^l 
returns,  and  multiplying  this  by  tlie  number  of  hoiuses  found  to  hM 
occupied  at  the  time,  t^mctimes,  also,  tbe  number  of  registered  voten 
is  used  as  a  ba^s  of  calculation,  and  again  tbe  birth  rale,  and  agaio 
tbe  ntimbcr  of  childr«ii  in  nttmdancv  iit  Itw  wvonil  iwhooU.  TThw 
methods,  however,  are  verv  faultv  aud  often  even  quite  valueless. 

Wbntcver  tbe  method  ndopteil  inul  nolwillistanding  tlie  oidculatiow 
of  the  amount  of  influence  exerted  by  cmigmtion,  immigration,  unnsml 
prevalence  of  or  freedom  from  infective  disc^ies  and  other  fncJuts 
estimation  of  population  is  very  frequently  wiile  of  tbe  trtiib.  Witbin 
recent  years,  for  example,  tbe  most  careful  estimate  of  the  pi.kputatiMi 
of  London  by  tbe  Itegistnir-Cieiienil  wit»  found  by  IIm?  vciuub  retunm 
to  be  uo  lees  than  a  quarter  of  a  million  id  excess  of  tbe  truth.  With 
errors  in  estimation  come  ni'cessarily  errow  in  all  tlie  ration  of  iHrthi, 
marriages,  and  deaths,  and  these  must,  therefore,  undei^  correction  it 
tbe  proper  time. 

Increase  of  Population. — The  growth  in  population  doe  to  excns 
of  births  over  deaths  is  known  as  tJie  naltti-ai  mcfease.  That  which  it 
due  til  cxcoMi*  of  hirtbK  plus  immigration  over  deaths  plu«  emigration, 
is  known  88  the  ne/u«/ (Hcrc'iw,  Fluctuation."  in  natural  increaieiR 
causetl  hy  ehniigc*  in  mortality  .-md  birtb  ratr«  ;  lhui<,  a  decline  may 
be  due  to  a  diminution  in  the  number  of  births,  or  to  an  incresn  in 
Uie  number  of  deaths,  or,  more  markedly,  to  bo4h.  Flutnuatioas  in 
actual  inereaw  arc  caused  by  tbe  same  influences  plus  those  of  immi- 
gration and  emigration,  (irowtb  may,  thereft>re,  be  slow  or  fast,  and 
•tCftdy  or  varied  and  !-pusmodic,  acconlirig  to  ever  |^H>seible  cbanfiii^ 
conditions,  governed  largely  by  commercial  prosperity  or  depresu«n. 
Decline  in  }M>pulation  may  be  due  to  excMS  of  deaths  over  birthv,  bat' 
is  commmily  the  cmsequence  of  emigration. 

Population  Constitution. — What  i*  known  as  tbe  eonHtitnlionor 
a  population  kIkiw!!  the  relative  proportions  of  males  and  females  aad 
of  jjcrsonsof  different  age  periods.  Thej«t  facu  are  obtained  only  (n«ii 
the  census  returns,  and  :ire  commonly  accepted  us  holding  good  unlil^ 
the  next  census  pves  different  figures.  In  cities  and  large  town^ 
tlie  proportion  of  femiiW  is  gonerally  eonsidenibly  bigher  than  ttat 
of  mules,  wbile  in  countrv  districts  tbe  reverse  is  true  or  the  excess  b 
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slight.  Tlusia  explained  in  several  ways  :  In  the  fir«t  plitcc,  women 
HIT,  in  p'niTnl,  lon^iT  livoH  tliiiii  iiirri ;  in  (lie  swimd,  men  are  more 
prone  than  women  In  return,  wlien  advanced  in  years,  to  <wuntry  lli»- 
tricts  fntm  whieli  tlioy  originally  rtpninjr ;  and  again,  men  wear  out 
under  the  conditions  obtaining  in  crowded  L-onim unities  more  rapidly 
than  womvn.  In  llii>  [Kipulation  at  lai^,  ranlcn  are  more  numerous  than 
females. 

Age  diatribntion  has  a  very  important  bearinj;  on  the  death  rate, 
SiDCT,  as  is  well  known,  the  highest  death  nttt'«,  so  tar  as  age  is  con- 
cerned, occur  always  in  the  earlier  age  periods.  Therefore,  the  prepon- 
deranw!  of  individnals  <tf  one  iiiul  aiintlii-T  age  jktIckI  has  a  vpfv  great 
induence  in  demonsTraling  apparent  ditferenees  in  salubrity  iif  diffiTent 
toenlilicis  when  ihenrlnn!  wmitary  riirnlitiiiTis  are  identieal.  With  such 
agreement  in  sanitary  eonditions,  a  community  which  incln(U?i  a  much 
larger  proportion  of  young  cliildreii  will  show  a  larger  death  rate  and 
a  smnllcr  mnrriat^c  rale  than  another  in  which  the  population  i^  more 
largely  made  up  of  young  adults.  In  <!onsef|uence,  it  is  necessary,  in 
intttituting  compariKiins  Ix'twecn  two  localitii'S,  to  take  into  a<!count  (and 
make  corrections  therefor)  the  differences  in  age  distribution,  and  to 
reduce  the  rt-niM-cltve  populations  tu  u  oommon  standard. 

B«giatrars' Retoms. — Returns  concerning  births,  marriages,  deaths 
and  tiiUM-.-.  ilii-n-iir,  and  mses  of  Infcctivr  diii>i.^-*t«  are  made  to  local  au- 
titorttios,  such  a*  boanls  of  health,  and  city  or  town  clerks  or  regis- 
trars. In  conjunction  with  census  returns  or  estimates  of  |>opulalion, 
they  rrvtnl  the  sanitary  and  imctological  conditions  obtaining  from 
week  to  week,  month  to  month,  and  year  to  year,  In  any  community 
in  vrhieh  thov  arc  mailc,  Thn'riph  tliem  we  arc  enabU-il  to  watch  the 
death  rate  from  all  causes  and  from  any  one  cau.se,  the  amount  of  pre- 
ventable dimtast:,  the  pnibabh-  Ihictiiations  in  ]>opulHtionii,  uikI  other  facts 
of  interest  concerning  communities  and  groups  thereof.  They  convey 
information  as  to  sanitary  cutidltionH  iinil  suggest  wherein  improvement 
in  various  directions  is  pfwslble. 

The  individual  facts  must,  of  ciur-ie,  he  accurately  observed  and 
stalvd.  This  i»  particularly  true  of  causes  of  death  and  distribution 
of  infective  disetvses.  The  iini»ortanee  of  pmjier  groupings  Is  well 
shown  Iiy  the  worth h-jv^nes^  of  the  lax  returns  not  infrequently  ob- 
ser^'cd.  For  example,  it  is  not  unusual,  especially  in  the  older  tjibles, 
to  find  "  dropsy  "  standing  side  by  side  with  "  heart  di^'iisc,"  "  kidney 
disciise,"  Bright's  disease,  and  other  general  or  vague  terms. 

The  value  of  the  aggregate  facU  depends  very  largely  u[khi  the 
length  of  time  during  wliieh  they  have  been  gathered,  since  only  with 
tbe  lapse  of  time  can  compariiions  be  iiijtlituliil  atid  iht-  intluemre  of 
temporary  conditions  cllminiiteil  or  minimised.  They  must  be  sufli- 
ciently  numerous  to  yield  correct  average,*,  for  the  larger  the  nuinl)er 
of  facts,  tbe  .smaller  the  llnctuations  eniised  by  individual  units,  and 
oonverwdy,  the  smaller  the  number,  the  greater  the  influence  uf  single 
units,  and  the  greater  the  cimniv  of  error;  or,  more  definitely  stated, 
acciinicy  increases  us  the  square  root  of  the  number  of  unite.     Thus, 


«78 


VITAL  STATtSTICS. 


400  (inits  will  yield  but  half  the  error  nf  100,  and  900  will  yici 
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illupnce 
oomponont^orasniall  agsreg^ate  and  the  small  influence 
tlK-  nggrt'gale  j>n>gm'wivcly  ineTvnson  !»  iwticr  illti«tnitcd  ttuin  bv  the 
daily  fluctuations  in  the  mmpflrative  i-tiiniling  of  a  nimiber  of  athkiio 
or^nimlion;*,  such  aa  hall  ctulis  and  Imnliiig  u1u1k<,  in  conipetiti 
among  tiicmi>clvn  for  a  prize  or  chumpionship.     In  the  beginui 
aiaele  events  may  cause  entire  rearrangement,  and  Ihv  fluctiintioits  ai 
wim-  and  the  ciirvw  nKwt  im-f^utar ;  then,  as  the  number  of  Events  l 
creases,  the  flueitistiona  are  lesa  abrupt  and  the  diangi>«  in  tlie  ciirv 
are  graduul. 

In  order  that  etatistlce  may  be  usefnl,  they  must  admit  of  com 
ison   with  ainiilar  figures  obtained  in  otlwr  yvun  and  also  at  ot 
places.     But  correct  deductions  can  be  dni^rn  ouly  when   the  ciin 
tions  are  at  least  apparently  the  same  or  vrhen  there  is  but  one  e?»e8' 
tial  diOVreuci-.     One  may  not,  fur  example,  compare  the  death  rate 
New  York  for  the  winter  of  18^8  with  that  of  I)etroit  tor  tfaeitumn: 
of  lai't,  and  expoct  to  obtain  thereby  any  information  of  value. 
order  to  meamire  the  full  influence  of  any  one  im[)ortant  condition,  (. 
other  condition^  miui  be  in  ngroemcnt  or  it  must  be  possible  to  mal 
correct  allowonoe  for  any  degree  of  divei^noe. 

Again,  one  must  not  ignore  tlie  effect  of  temporary  local  conditio] 
euch,  for  example,  as  an  accident  in  a  small  community  whert^liv  a  Dum- 
ber of  persons  are  killi'd  at  onee  and  others  die  Inter  from  the  eifecl*  •'( 
their  injuric*.  The  death  nite  of  that  town  for  thai  year  would  be  al>- 
normally  high,  and  the  itanttary  condition  of  the  ptact-  might  be  inaite 
by  Ggure«  to  Hp[K-ur  much  inferior  to  that  of  an  adjoining  one  vhrn- 
aickneas  and  death  from  preventable  diseases  are  much  higlier  all  ibt 
lime. 

Kaniage  Rates. — Statistics  as  to  marriage  vary  con-iiderably  from 
year  to  year,  aeeoi-ding  to  various  cireunislatice^  and  esuccialiy  vith 
changing  conditions  in  the  prosperity  of  the  general  population.  The 
rate  is  commonly  greater  in  cities  and  towns  than  in  muntry  di«4ri«s. 
not  that  «>untry*lir<.il  |K?ople  are  lens  inclined  to  marry,  but  Ijeraoje 
targe  numbers  of  them  are  attracted  to  populous  eentent  after  atriviiK 
at  (he  wage-f^rniug  age,  ami  there  they  marry. 

The  marriage  rate  is  usually  expressed  as  so  many  per  1,000  of  pop- 
ulation, hut  thU  !.■•  i^mimonly  o|K'n  10  objection,  in  tliat  it  mav  eoiiuy 
false  impressions  concerning  inclination  or  disinclination  toa^iin>etl>^ 
new  res]Hiii:^ibiliiteji,  and  aim  comx-nnug  the  communal  piospcnt;- 
Here,  the  ini)>ortance  of  the  jxipulnliou  constitution  as  to  age  perwls 
and  sex  is  very  clear,  for  in  a  community  made  up  lat^-ly  of  old 
mn*,  viMiiig  ehihlrcn,  and  domestic  servants  from  without,  the  numl 
of  marriages  occurring  among  the  nuirriageable  element  might  W 
considerable  and  yet  tit*'  rate  per  1,000  of  jMiputntion  would  be  lu«. 
Therefore,  a  more  instructive  method  of  expression  wouhl  be  a  stalf 
ment  of  the  i^te  obtaining  ainoiig  l)io«c  of  niarriagcable  age.  ApiOi 
the  number  jwr  1 ,000  of  popuUtion  does  not  admit  of  pro]wr  compiri- 
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80U  of  rlilTurciit  ciimmiinities  iu  tliis  purtitiiilar,  utilesu  tboir  puptilution 
CDDStitutiou  is  Hubetantiallv  the  same. 

Fliic-tiiiiiidii.-*  ill  rnitrriiigf  ntt«s  arc  fliio  to  other  causes  than  com- 
mercial prosptrity  and  depression.  It  has  been  observed,  for  example, 
that  a  ooiiditinii  of  wiir  lUmiiiislics  tlie  rate  by  withdrawing  fniiu  the 
marriagviibk' ranks  of  ivage-earners  large  numbers  of  able-bodied  active 
men.  With  rt^turit  of  ppaee  and  ita  iittcndniit  rolwiso  of  tlie  troops  to 
civil  lifr,  tlit-  rate  is  nugmi>nt(-<l.  Tliu*,  during  1870,  when  France  and 
Germany  w<^re  at  war,  ihi-  marriage  rali-s  sank  resiwctivt-ly  tii  1 2. 1  and 
14.8;  two  years  later  (IS72)  thoy  advanced  to  19.5  and  20,7.  Age 
oonstilutiou,  too,  has  nee«.«4arily  an  important  inflnence  in  causing  fliic- 
tuutiomt.  Thus,  in  a  eoniniunity  largely  mndc  up  of  youths  and  maid- 
ens, the  time  comes  when  an  unusual  amount  of  marriageable  material 
beoouios  available,  and  the  rate  iit  once  advances. 

A  period  of  unusual  increase  in  the  rate,  from  whatever  cause,  is  com- 
monly followed  by  a  correxpoiiding  decline,  jiiet  as  business  pro!«{)erity 
and  depression  are  marked  by  regular  waves.  But  the  general  trend  is 
iinmiatakahly  toward  a  diminution.  For  m-arly  30  year*,  a  very  grad- 
uiil  decline  haKobtaiued  in  nearly  all  highly  eivillzed  countries. 

That  more  women  marry  than  men,  sounds  paradoxical,  but  is,  never- 
thelcrss,  true;  for  men  are  more  prone  than  women  to  second  and  third 
marriages,  and  statistics  show  that  the  tendency  of  widowers  to  marry 
spinsters  is  muoh  nion-  marked  ihiiu  tbat  of  l)ii('hel()rs  to  marry  widows. 

The  age  at  which  marriage  occurs  has  a  very  important  bearing  on 
the  natural  inerMLse  nf  popidatiou,  since  whether  a  woman  marries  early 
or  late  in  the  child-bearing  period,  determines,  other  conditions  being 
the  same,  tlie  extent  of  fruitfulness  and,  more  particularly,  the  interval 
between  successive  generations.  Statistit*  indiejite  that  among  the 
native-l>orn  of  this  country,  particularly  in  those  parts  longest  settled, 
and  in  (Jreat  Britain  and  other  countries  in  whith  the  highest  degree 
of  civilization  has  been  reached,  the  average  age  at  marriage  is  steadily 
inonswing.  This  has  bi-en  attribut^il  to  an  intelligent  mdfiiihne^?, 
lending  to  defer  the  assumption  of  responsibility  for  the  maintenance 
of  others,  thus  ensuring  an  unrei^tricted  enjoyment  of  the  fruits  of 
labor ;  and  to  the  wider  opjtortunities  for  profitable  employment  of 
women,  wltli  oonwcpient  les-sent^l  dependence  upon  marriage  as  a 
nietins  of  support. 

Birth  Bates. — Statistics  as  to  births  are  expressed  in  the  same 
manner  as  those  eoneerriing  marriage ;  namely,  as  so  ninny  per  1 ,000  of 
population.  This  ratio  is  known  as  the  enide  bhih  rate  and  conveys 
no  information  concerning  the  pro|H)rtIon  of  women  of  the  child-bear- 
ing age  who  have  added  to  the  ]H>pulation.  tiere,  again,  a  more  ac- 
curate anil  instrnotivc  method  of  expression  might  be  based  upon  a 
compuHM)!!  of  the  uumber  of  legitimate  births  with  the  number  of 
married  women  below  4.^  years  of  s^ge,  and  of  the  number  of  ille^t- 
iinate  births  with  the  number  of  single  women  of  the  Htme  limit  of 
ufpe.  Under  any  system,  still-births  are  not  included  in  cither  the 
births  or  dcutlis,  though  they  are  certified. 
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Birtli  rates  naturally  vsiy  very  greatly  in  different  oonununitiea, 
Iho  same  lu  marriage  rates,  and  for  tlie  same  reasons.  Ordinarily, 
tlivv  are  higher  in  citi«;i<  than  in  the  country,  and  during  and  imnwdi- 
ateiy  following  periods  of  prosperity  than  during  times  of  dcprcEsioD. 
A  hiyiher  rate  ts  to  lie  ezpccle<l  nf  a  raaiiiifa<;iiiring  and  roaimereial 
center  than  of  a  purely  residential  town,  where  ii  larpe  iititnliiT  t>f 
unmarried  dfn«i»tic»,  employed  by  the  well-Io-^lo  and  rieh,  swell  the 
ptipulation  and  lower  the  nttes  of  both  miirriuges  and  birthx  in  the 
manner  already  mentioned.  In  the  latter  case,  the  married  inhab- 
itants may  be  unusually  prolifie,  and  (Iw  birth  rate,  expn^s^Ht  per 
I.IMIO  of  married  women  below  4.'),  would  be  very  high  ;  yet,  the 
crude  birth  mt«  would  be  low.  8n,  in  M>m|iaring  two  communities  in 
respect  to  births,  accuracy  dcmuuds  that  ihcy  slialL  be  reduced  to  a 
common  hai<ifl. 

The  higher  birth  rate  in  cili***  and  large  town*  is  due  to  tlie  grt*l(T 
)m)portion  of  women  of  child-bearing  age,  the  higher  marriage  role, 
and  the  earlier  murrioge  ig«  that  there  obtain  among  people  of  the 
lower  clawea. 

Since  the  proportion  of  dcatlu  in  the  earliest  year*  of  chiUliood  i) 
very  high,  it  follows  that  a  high  birth  rate  is  always  associated  witli  a 
high  death  mte,  but  at  the  name  time,  a  high  birth  rate  implies  a  lar^ 
pro{H)rt ion  of  married  pereons  in  the  full  vigor  of  life  at  that  age  period 
which  in  aiLtoeiatixl  with  a  low  rate  of  n>ortaUty,  and  thus  the  inBiieixe 
on  the  death  nite  is  more  or  less  oorrectcKl.  A  continned  high  binh 
rate  necessarily  im|dies  a  large  proportion  of  growing  children  whi* 
year  by  year,  nweil  the  nink«  of  the  rej>ri"iiietivc, 

A  low  birth  rate,  by  catiiitng  a  relative  increase  in  the  proportion  of 
persons  of  the  age  periods  of  low  mortiilify,  may  bring  about  a  loa 
<Ieath  rate,  but  if  it  continues  long  enough  to  bring  Ibe  popubtion  » 
u  high  average  age,  it  will  bt-  siicwvdod  by  a  rapid  increa.<«e  in  the  doth 
tute  due  to  diseases  of  advancing  years. 

The  birlh  rates  of  many  countries,  like  the  marriage  rates,  have  for 
some  years  shown  n  steady  decline.  This  ia  due  somewhat  to  the  in- 
creasing  average  age  at  marriage,  which  reditces  the  period  of  repr»- 
duction,  hut  lnrg<'ly  to  artificial  restrictions  and  economic  coosiden- 
tiona.  The  great  decline  in  the  birth  rate  of  France  has  attracted 
widespremi  attentjou  and  become  the  subject  of  grave  cmnc<Tn  to  the 
authorities  and  other  thinking  people  of  that  country.  A  hundnJ 
year.4  ago,  over  a  <juiirt«'r  of  the  popidation  of  what  are  known  as  the 
Great  Powers  was  French  ;  to-day,  notwithstatKling  the  marked  disin- 
clination of  that  |)eople  t4>  emi^raU-  and  seek  new  homes,  the  p^opu^ 
tion  has  fallen  to  about  one-eighth.  In  18!il,  aeconliitg  to  census  le- 
turos,  of  every  hundred  familie.-i,  22  had  hut  two  children,  and  24,  bat 
one,  apiece.  The  decline  in  births  is  not  due  to  poverty,  for  it  i* 
among  the  poorest  there,  as  elsewhere,  that  the  largest  families  are 
raised.  The  same  influences  &p|M.-ar  to  have  been  in  operation  for 
siime  years  in  England  and  Wales,  where,  since  1876,  when  the  birth 
rule  was  '.i*>,^,  it  fell  progressively  in  20  years  to  29.7,  and  showed  in 


I 


DEATH  RATES. 


68  f 


tbe  last  yesTB  of  the  century  a  nior«  iitrikiiig  decrease  itiiui  in  nny  other 
c»untr%-  of  Europe. 

In  our  own  coiintry,  among  the  (3ei%ccn(Iiint8  of  the  original  i^olonitits 
axvA,  earlier  immigrant.-',  liic  wime  decline  m  most  evident.  Wlierejia  in 
ooloniul  times  and  in  the  earlier  years  of  national  independence,  fam- 
ilies of  a  down,  fil'teen,  and  more  were  exceedingly  twmmon,  nown- 
*lay«,  one  of  six  or  eight  beeomes  a  subject  for  comment,  surprise,  and 
even  ridienle.  The  largc'  families  uf  to-day  awr  miiinly  tlmw;  of  the 
more  recently  arrived  immigrants  ami  their  first  generation.  In  Mas- 
sachusetts, the  staltstioA  for  1898  show  that  the  greati\*t  proportion  of 
thv  numlK-r  of  births  belongs  to  the  foreign-born,  the  children  of 
native  parentage  on  both  nides  representing  .t2.:J6,  tho»e  of  mixed 
piin-ntagi-,  li*.42,  and  iliose  of  foreign-born  parentage,  48.23  percent. 
of  the  total  births.     The  crude  birth  rate  wan  'll.'M. 

Death  Rates. — Deulii  rates  ar*'  cjilenlaled  in  the  same  way  and  ex- 
pressed in  the  same  terms  as  birth  and  marriage  rates,  that  is,  by  mul- 
tiplying tlie  number  reported  by  1,000  and  dividing  llie  product  hy 
the  poprilation,  or  by  dividing  the  re]X)rted  number  by  the  number  of 
tbou^iands  of  population,  the  result  in  cither  ca^e  being  the  rate  per 
1,000  of  popiilatiou.  This  is  known  iis  the  general,  gross,  or  crude 
death  rate,  and  is  affected  by  so  many  faelors  thai,  without  careful 
Kiudy  and  due  allowance  for  disturbing  infiueuM's,  it  may  prove  to  be  a 
very  faulty  indes  of  the  health  of  the  |ieople  and  of  the  sanitary  con- 
diltou  of  the  [ilaee.  M'hen  iiwd  a»  h  iia«is  for  comparison  of  difTcrent 
pla«-s,  the  death  rates  must  first  be  corrected  by  making  careful 
allowanee-t  fur  difTereuees  in  age,  »cx,  and  race  distribution,  and  for 
abnormal  influences. 

Xnflnence  of  Bex. — Sex  exerts  a  decided  influence,  wnee,  in  general, 
frimile.s  live  ImigiT  than  males  and  their  mortality  is  lower  at  nil  »ge 
periods,  excepting  from  the  tenth  lo  the  twentieth  year.  So,  of  two 
plaooA  etpial  in  isnnitary  and  all  utlier  conditions  excepting  sex  consti* 
tution,  the  one  with  the  greater  projiortion  of  females  will  have  the 
lower  death  rate.  Kxecpt  in  newly-»ettled  pluce*,  there  is,  as  a  nile, 
a  preponderauee  of  females  over  males,  although  everywhere  the  births 
of  males  excee<l  in  iiiimt)er  those  of  females,  the  pre|>onderaiioe  being 
tlte  result  of  the  higher  mortality  that  obtains  among  males,  except  at 
tbe  age  |teriods  above  mentioned. 

Influence  of  Akc. — llie  influence  of  age  distribution  is  far  greater 
tluin  that  of  sex,  .lince,  for  example,  the  mortality  ]>er  1,0(R)  of  children 
under  5  years  of  age  is  more  than  teu  times  that  of  persons  iK-tween  h 
and  25,  and  more  than  six  times  that  of  adults  between  2')  and  46. 
Thus  it  may  be  swtn  that  the  greater  the  proportion  of  population  W- 
longing  to  the  earliest  and  latest  periods  of  life,  the  higher  will  W'  the 
death  rate.  One  wonid  expect,  for  example,  a  higher  mortality  in  a 
community  made  up  largely  of  elderly  people  or  young  children  than 
in  one  nniusually  rich  in  young  adults,  or,  to  reduce  the  matter  to  its 
simpK^st  tvrms,  in  a  fuuudling  asyluiu  or  retreat  for  the  age«l  than  in  n 
college  of  young  men. 
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Inflnance  of  Raea. — ^To  »  wrtain  extent,  racial  pe4!aliariti<>s  have  an 
influence  on  vitulity  siid  cepecially  on  susceptibility  to  certain  dismm:^ 
Tliiw,  tlio  negro  is  far  lc«4  pmne  to  some  and  &r  more  nusceplible  to 
other  morbid  influences  than  tbc  wliilc.  As  between  different  [n-oplt:* 
of  the  same  race,  tlic  ilinV-rcnwa  an>  not  !to  w'ttU:  In  those  i^arts  of 
this  oouDlry  where  the  negro  pupulatioo  is  cooaider^lc  or  prvjwoder- 
ant,  this  influence  can  iMjver  be  disregarded,  and,  indeed,  it  is  oomruon' 
the  pnii-lio-  to  ealculate  separute  rates  for  the  whites  and  for  the  blact 
According  to  Hotliniin,'  the  mortaliiy  of  whiles  and  blaeks  in  ten  sout" 
ini  cities,  including  Bidtimore.  Washington,  Richnmnd,  Memphis, 
l»uiiivillc,  Atlanta,  Savannah,  <^'harlestou,  Mobile,  and  New  Orleous, 
during  the  ycara  1890-94,  wu«  expressed  as  20.1  nnd  32.6  resjiectiTdr. 
This  divergence,  it  is  poinled  out,  would  be  still  greater,  if  oorrectioi 
were  made  fur  age  distribution. 

The  excess  of  negro  raortality  obtaining  at  all  age  periods  U  cs])ecialli 
noliix-abif  in  the  earlier  ones.  Tliu*,  in  1890,  in  Washington  and 
Baltimore,  the  death  rates  of  negro  children  under  5  and  bctwnm  a 
and  I'*  ytwra  of  agt-  were  njon-  than  double  thfise  of  white  children  of 
tbo  sume  age  ]K'riodB;  in  the  age  [KTiods  from  the  liAccnth  to  the  fortv- 
fillJi  yejir,  IJie  rates  for  liolh  raoe.-i  naturally  diminish  very  much,  but 
the  ratio  is  nearly  the  same.  Alter  the  forty-firtii  year,  the  tliflcrence 
begins  to  be  much  less,  but  the  exoeeM  is  always  with  the  n^io. 

As  instjuiecs  of  the  <liffcrence8  in  white  and  black  death  rata,  tb« 
following  are  presented : 

NowOrlcRiM Dooemhcr,  1899,  White,  23.49;  (Colored.  2B.M 

Juiiiftrv,      1900, 
Mure!.,'        1900, 

BaldmoN ..Navcinbcr,  1899, 

[)Q(<emtivr,   1«09, 
Jnnimri-,      IWW; 
CliHrlcMon,  ^  wka.  cixling  Jan. 6, 1900, 
4  "         ■'     Feb.   S,     " 
i  "         "    P«h.«,     " 

The  difference  between  white  and  blaok  mortality  la  believed  to  be 
due  miin-  largely  t"  nice  dcgcucnition  than  to  annitiiry  couditiouii,  b 
the  Xortli,  the  negro  shows  an  excess  of  deaths  over  births  and  ImU) 
his  own  only  by  influx  of  recruits  from  titc  South. 

From  what  has  been  said,  it  must  be  evident  tluit  crude  death  nut 
cannot  be  relied  u|>on  as  a  ba.'>i.'4  of  mortality  comparison  nf  two  plact*, 
untc>4  the  n'^jtcclivc  populations  arc  in  substantial  agreement  iu  a^ 
race,  and  ws  ciuisritution,  nor  for  eouipari.*<>n  of  the  conditions  obtain 
iiig  al  liic  .tamu  place  in  different  years,  uulc^  these  factors  arc  prac- 
tically unchanged. 

OlhBr  lQflBenoei.^Crudc  deatit  rates  arc  influeiK^wl  by  errors  in  es- 
timated population,  by  the  presence  of  various  kinds  of  public  iusti- 
tutions,  such  as  hospital]',  staitv  itlm«housc9,  and  asylum;*  fitr  fmiridlin^ 
and  the  aged  ;  by  migrators-  movements ;  by  densitip'  of  population,  aiw. 

'  Race  Tnib)  uid  Tvndciidcs  ot  tlie  AEaeriean  Xtgni.  rubttcalMtis  nf  llie  AnKf- 
ic*B  Econamic  AmociBtion,  New  York,  1896- 
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as  has  been  iitated  already,  by  the  birth  rate.  An  important  swinrw  of 
error  lic»  in  ibi*  n^liirn  of  pcriioiii?  alHicttd  with  inctiniblc  disciiEOti  to 
their  old  homes,  where  they  die  ;  their  deaths  are  registered  there,  in- 
stead of  at  the  ]iliKr(.'ii  where  the  cniiM-H  liaT^-uf  liiiil  tlieir  origin  or 
where  the  i^anitiirv  conditions  were  such  as  to  favor  susceptibility. 

Influence  of  Denuty. — Death  mle^,  (-.''pc-cially  those  of  the  v«ry 
yoting,  urc  much  higher  in  crowded  localities  than  where  the  population 
has  plenty  of  room,  and  it  in  ootiimonly  accepted  that,  other  thinfp*  being 
eqttnl,  iiiercasfd  density  mcun>i  increased  mortality.  To  a  certain  ex- 
tent this  is  nndouhtcdly  true,  particularly  where  inereast^d  density 
mvanH  overcrowd! nj;,  but  it  is  not  ucct«siiri!y  true  of  u  lar);c  population 
9prea<l  out  over  a  territory  eajiable  of  aeconimodating  twice  as  many 
uvopie  verj- comfortably.  Thus,  in  Maswicliusctts.  for  example,  where, 
in  18.55,  the  population  averaged  IHIJ  to  the  square  mile,  the  general 
death  nite  wait  about  the  Tiame  ai*  ohtnined  -ID  vennt  later,  when  the 
averat^'  population  per  square  mile  had  more  than  doubled,  the  slight 
difference  being  in  favor  nf  the  later  }><'riod.  During  the  deconniuin 
just  prior  to  the  outbreak  of  the  civil  war,  the  average  rate  was  1  H.25  ;  i 
during  the  period  1887-18n7,  it  was  about  19.f)0  ;  and  in  l8!IS,itvraa 
but  1 7. ''(->,  which  wii«  tlic  lowest  nnnual  rate  for  32  years. 

In  densely  populated  ovavromJed  localities,  such  as  tlie  slums  of  large 
citie!(,  we  find  all  the  conditions  which  favor  a  high  mortality  ;  namely, 
poverty,  immorality,  ignorance,  intern )>c ranee,  unsanitary  habitations, 
nigh  birlh  rat«,  onrelcssness,  iilth,  and  iinprofwr  and  iimntlieii-nt  fisid. 
Id  fact,  the  slums  are,  in  very  great  measure,  the  cause  of  the  differeiioeft 
observed  in  the  deatli  rnten  of  Hmall  and  lnrg<>  communities.  lu 
country  district*,  small  towns,  large  towns,  and  cities  situated  within 
the  same  district,  where  oil  malic  and  other  natural  cojiditinns  are  es- 
sentially the  same,  it  is  commonly  observed  that  the  higher  average 
rates  obtain  in  the  larger  communities,  and  the  lower  in  the  smaller 
places  where  slum*  an  unknown,  while  the  very  highest  occur  in 
manufacturing  centers  where  the  main  population  consists  of  mill  oper- 
stivi.«,  who  work  by  day  under  nnsiinitary  conditions  and  pnsit  their 
nights  in  crowded  tenements.  .So,  .also,  higher  rates  obtain  in  old  man- 
ofacturing  planes,  in  which  a  larger  proportion  of  jiopulation  of  a  weak 
and  degenerated  type  is  to  be  found,  than  in  others  more  recently  es- 
tablished. 

Weekly  Dea,Ui  Rates.  Etc. — The  death  rate  for  any  particular  week 
ia  obtained  by  multiplying  the  uumlier  of  deaths  occurring  during 
thai  period  by  fi'i.1-1  (the  number  of  weeks  in  365  days)  and  dividing 
tfao  pro<luct  by  the  number  of  thousands  of  population  as  estimated 
for  the  middle  of  the  year.'  The  same  mcihod  of  reckoning  may  be 
cmptoyctl  for  determining  the  rates  for  other  fractions  of  a  year,  and 
for  rates  of  birth,  marriage,  symotie  disease,  and  other  matters  of  sta- 

■  Many  ■tnlintivUiUK'inployitiefurlnr  52-17747,  tlinnii[nb«rnf  w*ck»  in  the  (alar  ,VMr 
of  SiVi  i!iy»,  A  hoon,  48  mliiiiMH  nrnl  *'>  u>conil«.     Tills  PXsjKvmiiimi  of  exactiicw  In  . 
•mutl  lliiiiic*  wems  all  lhi>  iQurp  uLittiinl  wln-ti  wi-  ooiwidcr  llint  the  ntimutiun  of  pupii- 1 
IslHin  M  tlic  midille  nf  the  vcnr  in  nothing  more  tluin  n  fnjrty  muonablr  gacm,  which 
ofwn  pri)T(«  tr<  hi-  n'iil<<  iil  i)i«  (nicli. 


titiUcal  intermt.  These  weekly  and  other  periodica]  rates  are 
imrcliabl«  diitA  upon  whicli  to  Imim  cnm|ariiton8  with  thom;  of  otbor 
placet!  and  other  parte  of  a  year,  since  seasonal  iufluenoes  and  tem- 
[Ktrary  (i>»ditii*iiii  must  not  be  ignored ;  their  ])rii)ci[Mil  value  t:t  in 
cotnpurin^  the  rates  obtaining  at  the  same  place  at  oorresponding 
periocbt  of  (lifTt'it^t  yearn.  ^ 

In  the  same  n-ay,  the  weekly  death  rate  froni  any  ^ivcn  canse,  or  theH 
weekly  nuniWr  of  eases  of  any  particular  nolifishlf?  diiwaite,  mich  as 
diplithcm,  scarlet  fever,  tir  mcsisles,  may  be  (U-terminwI. 

Zymotic  D«atb  Rate. — The  zj-inotic  death  rate  is  the  deatli  rate  doe 
to  the  «evcii  pnneipul  »w>-call«i  xyiiiutie  di>iea»c« ;  namely,  Miiallpox, 
scarlet  fever,  measles,  diphtheria,  wboopingnjough,  typhoid  fever,  and 
diarrlnL'al  disi'iL»i-s.  It  in  t-Kjirfjeidl  in  leniia  per  1,(HK>  of  pi  i  point  ion, 
like  tlic  ^ntsji  death  rate.  The  rate  for  any  diMease  can  be  similarly 
obtained  and  enpressj-d. 

In£uitUe  Death  Eata. — The  infantile  mortality  is  not  expressed  in 
terms  per  1,000  of  tlie  whole  population,  bat  aa  the  number  of  deaths 
of  children  uiKler  one  year  of  age  to  eaeh  1.000  births  registered  dur- 
ing the  year.  It  ia  awiuroed  that  the  efflux  of  living  children  whose 
birthit  liave  ln-en  n^steix-d  with  the  IiKal  aiithoritiiM  i*  counterbalanced 
by  the  influx  of  others  whose  births  are  registered  elsewhere. 

Infantile  mortality  is  always  high,  owing  to  a  variety  of  timves,  and 
it  is  particularlv  high  in  slums  and  in  manufacturing  towne  where 
women  are  largely  employrd  in  l«<'torift*  and  wi  an-  muible,  even  though 
80  ineJined,  to  give  that  personal  attention  to  their  offspring  as  is  tip-  i 
stowed  by  mothers  whose  live;-  are  purely  domestic.     In  Ma^wichii^lli], 
for  example,  the  infantile  death  rateavenigeil,  in  the  decade  I881-18£<0, 
174,9  in  the  cities  and  129,5  in  the  country',  and  the  extremes  for  tlie 
cjtiiw  wen>  239.7,  at  KnII  River,  prevniiiK-ntly  a  "  mill  town,"  witli  all 
that  the  term  implies,  and  IH.W,  at  Xewton,  where  mannfaoturiDg  is, 
at  a  minimum  and  overerowdinf*  praclicnlly  unknown.     Lowell  and 
Ijuwrcnce,  also  "mill  towns,"  showed  respectively  '2'22.ii  aud  2IS.S, 
while    lioston,  eorantercial,   man u fact uring,  and   residential,    idiovred' 
188.2. 

In  the  three  cities  with  the  highest  rates.  Fall  River,  I»wi*ll,  awl 
Ijawreiiee,  the  jMipulaliou  is  largely  French  Ouutdinn  operatives  of 
cotton  and  woolen  mills  housed  in  crowded  tenements.  The  so-mllcd 
"shoe  lownji,"  Havcrliill,  Mnrllioni,  Brockton,  and  Lynn,  have  a  nn 
different  kind  of  j)opiilation,  much  better  paid  and  not  inclined  to  ■ 
tenement-house  life,  and  show  rr^|>eetiv«!y  ]t)7.1,  l-l-I.e,  146.9,  and 
140.7,  all  of  which  rates  are  below  that  of  the' State  at  large,  160.4.' 
Similarly,  in  England  and  WaW,  where  in  1894  the  rat«  was  I '17,  and 
in  I89fi,  147, y.  I*reston.  which  can  claim  one  of  the  blackest  reeonb 
in  all  re8[»ect8  among  mill  towns,  showed,  in  the  former  year,  229,  i 
in  the  latter,  262,  while  in  London  the  rate  was  but  159. 


« 


I  Th«H*  fi^rvB  Hif  ukfTD  fr[>iii  a  cominanicatioti  bv  l>r.  S.  W,  Abbntt,  Sivrctuj  tJ 
tbi>  Stuv  linard  nj  Ilrottlt  of  Miuui^hiustu,  on  "  Infant  Klottality  in  MitHnrtiawtD." 
Jniinuil  <if  ilip  Miia«irtii]*-v(u  A>c«X'lat!oii  of  Bo*tiJ6  of  Kenllh,  Dmoitipr,  It^  p.  ItL 
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TIh!  chiof  Ikcton*  in  tlic-  caiiRation  of  high  iiifaDl 
pmnuturc  l>irtli»,  licrctiily,  ititfm|nTaiK"c,  ciirly 
tarelessiH'ss,  ignoranw,  im|irit]wr  footi,  uiisaiiitaiy  surroundings,  indiis- 
triwl  ^-oniiiiiuns,  illi'Kitinim'y'  "'"''  [><-"''tiiiiii<,  iiiiiuit  lilciiisiirmiw.  The 
imm«diiite  causes  are  chiefly  inanition,  diarrhiral  tlisoasca,  uii>aslps, 
w)iou)iiii^-c<iii);)i  uud  ollirr  iiitVctivo  tliw-jinu^,  and  vii.)l(-u(.T.  TIrt  influ- 
ence of  premature  birth,  heredity,  nejilect,  carelessness,  innorance,  aucl 
uiisanitary  nurrouiKliufrH  ikh'iIs  im  eliicidntion.  ludu.striiil  roiidilinnH 
li^ure  Iar|]:e1y  in  the  neglect  of  infunti^,  siucc  mothers  in  cmphtyment 
return  oa  soon  an  \)n»^\h\c  af^er  ennfltiement  to  their  work  and  i-nlruitt 
their  ofrspnii};  to  the  care  of  older  eliildrcn  and  others,  by  whom  they 
are  improperly  fed  and  looked  after.  Duriug  pregnancy,  also,  the 
woman  remains  at  her  work  up  to  the  last  |HK<rsihlv  nionicnt,  !»>  that  her 
ibBence  is  limited  t*i  thai  periml  during  which  she  is  absolutely  in- 
nipitdljKcHl. 

The  a^  of  the  parents  lias  much  influence  on  the  vitality  of  infants, 
thoAC  of  ittotlier^  under  20  dying  otT  njipreeiahly  faster  than  tho«e  of 
others  between  '20  and  !J0.  Between  ;t()  and  3^},  the  vitality  of  the  otf- 
mring  is  ^itill  grejiter,  hut  after  this  age  ]>erif)d  il  U-gins  to  decline. 
The  first  children  of  very  young  falhers  u)«o  are,  ns  a  general  rule, 
weaker  than  those  l>cgotten  later.  To  this  influence  of  the  ]iarents' 
age,  conjoinerl  with  that  of  ifjnoniuce  and  inexpiricnco,niay  be  attributed 
the  excessive  mortality  which  obtains  among  the  lirst-hom. 

llkgitirnuey  htw  n  very  great  influents  on  the  chnnee  of  survival  to 
even  the  early  period  of  childhoo<l,  for  the  infant  is  in  an  unfavorable 
position  AS  n'gitrtU  care  and  home  surroundings  from  the  beginning. 
Abandoned  by  the  mother  to  the  airt-  of  whonisix-vcr  may  be  willing 
lo  aeeept  the  elmrge,  or  "  farmed  out"  among  persona  wlioae  interest 
in  itfi  welfare  is  wholly  financial  and  subject  tu  Immediate  decline  on 
the  oo!ii«alion  or  tardiness  of  )>ayments,  it  ttaa  even  lesa  chance,  perhaps, 
than  when  kept  at  home,  an  nnweleome  aildition  hoth  to  the  family 
circle  and  to  the  expenne  account. 

Infant  insurance  is  genendlv  bi-lieved  to  Ik-  an  iiitluenei.'  in  diminish- 
ing the  amount  of  care  and  solicitude  for  the  health  of  the  very  yoimg, 
and,  therefore,  hna  been  the  ifubjeot of  considerable  legislation,  by  whioh 
the  maximum  amount  of  the  policy  is  kept  at  a  low  figun-,  us,  for 
instance,  the  actual  ex|H-n.4e  of  burial.  Whether  insurance  really  has 
more  tlian  an  insignilicunt  bearing,  cannot  be  determined  by  any  trust- 
worthy statistics. 

Beyond  doubt,  the  most  fruitful  single  cause  of  high  itifaut  mortality 
is  improper  feeding,  due  partly  to  the  necessity  of  supplying  an  artificial 
Hulietilnto  for  hreiist  milk  and  partly  to  ignorance.  The  breast-fed  in- 
fant, cartit**ly  looked  after,  has  a  far  Ix'tter  chance  than  the  bottle-fed 
more  carefully  tended.  The  former  receives  its  natural  food  at  a  uni- 
Ibrm  temperature  and  practically  sterile  ;  the  latter  is  fed  upon  another 
kind  (if  milk,  diffiTently  constituted  and  of  a  different  degree  of  dige.sti* 
bility,  which,  under  the  best  of  eireumslanirs,  is  ei'Mi[uiralively  rich  in 
onlinary  iMcleriaand  administered  al  different  temjieniinpes,  sometimes 
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very  hot,  «4)nieuniC9  coM.  Willi  lack  of  uiiv,  ihe  dungcr  i»  inoreastd, 
for  the  milk  may  be  stale  and  dirty  ami  act  a-t  ilio  vehicle  for  theexoiliog 
cauK^  of  cliiileru  iiifantuni,  wliich  i»  re!tj)i)n£il>k-  to  a  grcalcr  (.-xli-nt  liivi 
any  otlier  morbid  condition  for  the  deatim  in  roilt  lovriin  of  inlanta 
wbiMc  in»llier.4  are  employ^'d  in  iJio  variouH  in<Iu»tm«.  BcsidiTi  dirty 
Hud  stale  cow's  milk,  a  variety  of  wreal  and  sngar  substitutes  are  pro- 
vidfid,  wbidi  may  or  may  not  be  digt-^iiblr  and  ntitrilioua. 

Igiiurunce  of  what  is  prajHT  for  introdnction  into  an  infant's  sloinscli 
ifl  res{>onMbIe  for  ranoh  infantile  mortnlily,  even  vfbt'M  brnt'l-fei-diMg 
is  followed.  Who  lia»  nut  st-cn  fond.bnt  tf^nomnt,  mothers,  in  public 
conveyances,  keepin);  their  infants  (]uiet  with  bananas,  .«ecd  cakeii, 
cookie?),  and  other  food  miitcriaU  nmtuitvd  to  u  dtgc«ti%'e  sj'stem  which 
can  have  difficulty  enough  willi  milk  alone?  It  seema  unlikely  that 
such  practices  arc  rcstrioK^  to  the  time  spent  in  travel,  when  eon- 
j^ideralion  for  the  comfort  of  strangers  (suggests  the  avoidance  of  fret- 
ting and  crying. 

Death  rates  of  cbildren  under  five  years  of  age  are  expressed  in  the 
same  teniM  !i.-<  iiifauiile  miirlalily,  ihiit  iii  t^i  twy,  a»  t)w  proportion  nf 
deaths  jwr  l.O'ii)  i-hildren  of  thut  ape  period. 

Higli  and  Low  Death  Rates. — In  the  alncnce  of  any  nnu.snal  general 
nnwinitary  condition  or  of  uun»iinl  prevalence  of  epidemic  di«e«H«, 
an  iibnipt  ritte  in,  or  a  very  high,  death  rate  is  not  infrequently  nnljr 
apparent,  being  biwt-il  U]ton  an  nnderfNtimiiteil  population.  A.  v»ry 
luw  di'iilh  rate  is  always  o|jen  to  suspicion,  though  sometilDU,  aa  in 
newly  settled  com ni unities  willi  a  very  high  prii)»ortion  of  yoong  male 
udidt:<,  for  a  limited  term  of  years,  it  is  perfectly  possible  and  natural. 
A  rate  of  i')  per  1,000,  for  example,  in  large  citi(«,  i»  >o  low  ax  to 
auggesit  that  the  population  has  been  very  much  overestimated.  AViilun 
very  recent  yeai^,  the  aulhoritiej)  of  a  rapi<lly  gn>wing  Western  dly 
nott^l  with  great  pri<le  the  gigantic  Mrides  in  the  estimated  population 
and  were  naturally  much  elated  to  tind  that  the  death  rate  leased 
thereon  entitled  the  city  to  n  position  in  Ihe  fint  rank  of  the  citiea, 
large  .ind  >inall,  of  the  whole  world.  The  census  of  lilOO  dispelled 
the  illiLsion,  for  tlic  jiopulalion  had  bi-cn  gix)!<«ly  exiiggeratcd  and  tli« 
nctniil  death  rate  was  comparatively  high. 

Death  rates  u»  low  an  10  and  12  arc^  .Hometimes  noted.  .\  molinued 
rate  of  10  in  a  stationary  population  would  mean  that  tlie  inbabttants 
would  average'  1 00  years  of  age  at  death  ;  one  of  1 2  would  mean  an 
average  ago  of  over  83  ;  one  of  I'j  would  mean  an  average  of  nearly  67. 

As  exaniple.s  of  high  and  low  death  mtes,  the  following  for  the  same 
quarter  of  the  same  ycur  (1897)  may  Iw  cited  : 


llllh. 

Dublin 30.1) 

Motwiw 3«.n 

Biifhnrwl 83.  i 

IWlriut  .. St.3 

St.  rMorxbiiiV' 31.0 


Low. 

t'rankfort  n.M. Ifi.fl 

The  Ilnipio t$,X 

BmIIh „ «.!?.« 

OiriHionin. 17.7 

AiimWilun I7.S 


The  influence  of  improved  sanitation  in  the  lowering  of  the  mortal- 
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ity  of  auy  g^vca  place  LUinnut  Ix'  ilisputcd,  but  in  iittrit>iitii)j;  th«  whole 
or  even  the  greater  part  of  the  difference  in  the  ratea  of  any  two  placeei 
or  of  the  sniiie  plnci-  iii  liinV-riTit  vwir'^,  one-  must  Ih-  c«ri'fnl  not  to 
i^ore  factors,  already  mentioned,  that  exert  influences  iieyond  the  con- 
trol of  sanitarj-  mithoriti<».  Pennitncnt  dotrliiie  in  morlulity  rate  is  ii 
CDAtter  of  ^low  growth  and  is  the  combined  result  of  sanitary  effort  and 
mitigutiun  of  thi?  i)i\rn|iati(iiial  and  social  conditions  t«ndiiig  to  Iow(.t 
vitality.  In  Eliznbethun  times,  the  dcnth  rate  of  London  was  about 
40 ;  nl  the  beginning  of  the  reign  of  Victoria,  it  wa.s  24,  and  at  tlie  end 
of  the  century,  iibout  19. 

Correction  of  Death  Rates. — The  irajroseibility  of  making  a  fair  com- 
parison of  Iho  <]«ith  rates  at  different  place*  without  taking  into  con- 
sideration the  constitution  of  the  resiwctive  populations  as  to  age,  sex, 
and  race,  hiis  been  already  !<uilieiently  [)<>intc<l  out,  and  gincctwo  places 
absolutely  alike  witli  regard  to  occupational  influences,  wealth,  density 
of  |x>piilation,  climate,  soil,  water  tiupply,  sanitary  administration,  and 
gencRil  sanil;iry  condition,  but  disen'[Kint  iis  regards  the  distribution 
of  the  RexeH,  age  [n-riodn,  and  raee,  may  show  very  iiif!'cn-nt  <k'iilh 
rates,  perhaps  magnifying  the  «ulnbrity  oC  the  one  uud  exaggerating  the 
unhealthineas  of  the  other,  it  becomes  necessary  to  have  some  motliod 
of  bringing  thcni  to  u  oonnnon  Inwu.  In  the  matter  of  race  influence, 
the  tie.-'t  plan  is  to  rtejMirale  the  statistics  absolutely,  having  one  set  for 
the  white  and  another  for  the  colored  [)0]inhiLion,  and  ojinpure  while 
with  white  and  negro  with  nt^ro. 

The  method  ooninionly  recommended  for  correcting  aceurding  to 
sex  ani]  age  in  the  one  tn  use  in  the  oflicc  of  the  Registrar-General  for 
Kngland  and  Wales;  this  may  be  briefly  described  as  follows. 

The  mean  annnul  deatii  rate  of  the  country  for  each  sex  at  each  of 
the  eleven  age  j>eriods,  namely,  below 6,  o— 10,  lO-l.'i,  15-20,  20-2.'», 
25-35,  35-45,  45—^5,  .5&-65,  65-75,  and  75  and  upwards,  during 
the  last  preceding  10  years,  is  obtained  and  multiplied  by  the  number 
of  those  of  each  sfx  nl  emdi  i  corresponding  age  p<Ti(Kl  in  the  territory 
under  consideration,  according  to  the  returns  of  the  last  preceding 
censuK.  1-^icli  prmlncl  thuH  obtained,  divided  by  1 ,000,  giv»  the  cal- 
culated number  of  deaths  for  the  rwpectivc  sex  and  age  periods. 
Tlie^e  22  re.iults,  added  togtHher,  represent  the  calculated  number  of 
deatlis  for  the  place  in  ipiestion  in  one  year.  The  total  calculated 
uunilter  of  deaths,  divided  by  the  number  of  thousands  of  jio|iid!Hion 
or  multiplied  by  1,000  and  divided  by  the  population,  gives  the  stand- 
ard death  rate. 

The  next  step  is  to  obliun  it  factor  for  correction,  by  determining  the 
ratio  which  the  standard  death  rate  of  the  place  l>cars  to  the  death 
rale  of  the  whole  ciMinlry.  This  is  obtained  by  tlic  rule  of  simple 
proportion,  the  second  mean  being  unit}'.  The  recorded  death  rate 
for  the  year,  multiplied  by  this  factor,  gives  the  corri-ctM  dralh  rair, 
which  will,  thercfoR'.  be  above  or  below  the  rccordetl  rate,  according 
as  the  factor  is  above  or  below  unity.  By  dividing  the  rtirri-ctcd 
death  rate  by  the  death  rate  of  the  whole  country  and  multiplying  the 
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quotu-nt  by  1,0(H),  tht-  ivMi>imriitirt  mortality  Jitfurt  in  obtained  ;  tliat  U 
to  say>  tltc  number  of  dmths  which  will  ocvur  in  tlie  same  number  of 
the  local  population  wt,  in  the  general  population,  will  yield  1,000 
d«atlts. 

CUssiflutlon  of  OaoMs  of  DesUi. — lu  the  rejptilration  of  caoMS  of 
(Ivatli,  a  ci-rtain  amount  of  error  is  incvitublv,  for  several  ivasons.  In 
the  first  pliicc,  even  the  most  coii[ipet<'nt  practilioDen  are  not  infalliht^ 
in  itiagnotiU,  and  it  is  not  ulway$  |>i>sHil>le,  when  one  |)ntlK>logical  stale 
is  complieatwl  by  the  advent  of  another,  (o  determine  whieb  was  the 
BCtnal  eaiiEe  of  the  fatjd  termination.  Next,  tlie  nomenclature  of 
discuses  \»  faulty,  though  ever  tending  toward  ultimate  perfection. 
Again,  the  tntc  cause  of  death  is  fre<)uemly  inlentionnlly  miBrepre- 
acnteil  for  private  or  fiimily  reasons;  thuH, apuplcxr,  int-tead  of  sui^-ido, 
and  peritonitis,  wlitui  the  ai^tual  cause  of  the  |ieritoniti.t  U  rriminul  in- 
terferenee. 

Lastly,  it  is  itomeiime-i  the  case  that  oocause  whatever  is  aiisignabie^ 
even  after  careful  aulopHv,  and,  obviously,  such  cannot  be  claanfied. 
With  the  exi»tenee  of  an  indeterminate  amount  of  error,  it  folliiw! 
that  caution  must  bi'  exerciwtd  in  eiini|iarin}r  rt^ultij  representing  a 
series  of  yetirs,  and  allowances  must  be  kept  in  mind  with  changes  h 
noraenclature,  wlieu  drawing  deductions  from  what  ■>&:•  been  described 
as  the  classification  of  the  more  or  less  reliable  jniesses  of  a  large  iium- 
l»er  of  more  or  le.*,"  .«kill>il  olxierverfi. 

BeflsbfttlaB  of  Sickacu,  if  it  nvw  iM>^ihle,  would  afford  a  &r  more 
efficient  index  of  (lie  sanitary  condition  of  the  population  than  tlie 
registration  of  deaths,  which  givv*  us  simply  the  number  of  casts  of 
iiickness  which  ended  fatally,  but  no  idea  of  the  duration  thereof  or  of 
tlie  ruimWrof  jwrsons  lcm|»omriIy  ineajnt'liiitiil.  A  discascordinarily 
regarded  u>*  fairly  dangerous  may  prevail  very  extensively  in  a  mild 
form  and  be  attended  by  a  very  low  death  rate,  and  again  may  ext*t 
to  a  lesser  extent,  but  in  an  unusually  severe  form,  with  a  high  propor- 
tion of  fatnlitit'^.  Many  di.'vasea,  again,  are  teni|x>rarily  diNnhtinp  aod 
oAcn  widely  prevalent,  but  play  n  small  jmrt  in  niortaliiy  returns 
Ton»llitis,  for  example,  is  ittsponsible  for  much  disoomfort  and  lost 
time :  its  prevalence  has  some  meaning,  but  its  death  roll  is  cxeeedingljr 
smitll.  HheumatiHrn  i.'^  much  more  widespread  than  mortality  retume 
would  imply ;  chickenpox  is  relatively  unini|>nrtant,  but  in  bodw 
places  its  notillcation  is  required  os  a  sateguurd  n^inst  the  spread  of 
smallpox  iueorn>olly  diagmn^tl  art  varicella  ;  ^onorrhu-a,  withont  being 
fatal,  does  more  harm  than  is  commonly  supptiscd,  and  sypliilis,  also 
not  inimttt lately  and  directly  fatal,  sends  itti  victinta  into  the  murtalilT  h 
returns  thnmgh  vnriuus  avenues.  ^ 

But  however  desirable  such  i-egi-itration  may  be,  the  oltstacles  in  the 
way  of  its  accomplishment  are  ton  nuinerons  lo  admit  even  of  hope.aml 
excepting  in  the  case  of  infective  diseases,  which  taw  requires  shall  be 
reported,  there  is  no  jiatisfactorj-  method  of  obtaining  an  accurate  idta 
of  the  health  of  a  community. 

Duration  of  Life. — fvveral  expressions  and  melho<ls  on-  employed 
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A  mpasure  the  Huration  of  life,  a  problem  with  which  the 
science  of  vit)il  stiitislira  i*  largflj-  ciif^gtd.  Ono  of  tlic  niort  fnllnci- 
otw  indications  of  longevity  and  sanitary  condition  is  the  Mran  nt/e  at 
Detdh  or  M<iin  Lifflime,  wliifih  i.t  the  snm  of  tlie  ngm  at  death  divided 
by  the  niiniber  of  deaths.  This  is  unreliable,  becnuse  it  fltictitut«8  very 
vfi<icly,  nwftnling  tfi  age  diAtrilintion  ;  for  in  a  conimiiiiily  eontaiulng  a 
large  proportion  of  children  and  in  which  the  birth  rate  and,  couh«- 
qucnily,  the  infantile  mortality  are  high,  the  average  age  at  death  will 
be  lower  than  in  another,  equally  healthy,  in  which  tlici^c  conditions  do 
not  obtain.  Henoe,  it  can  only  be  employed  with  any  di^ree  of  safety 
where  the  population  i«)n!«tiliitioii  is  iiniforni  in  nil  resi<ec)s  and  when 
the  olit*rvations  are  carried  along  over  a  long  period.  The  mean  age 
at  death,  out  of  a  few  hundred.-*  or  thimsandH  of  individuaiK,  hut  of  an 
entire  generation  of  population,  is  necessary  to  show  accurately  the  mean 
duration  of  life,  aim  thi.«  is  dotermined  only  by  mciin^  of  life  tables. 

Probable  Duration  of  Life  signifies  the  age  at  which  half  of  any  num- 
ber of  children  born  will  have  died,  so  that  they  have  equal  chnntres 
of  dying  before  and  afVr  tlitit  age.  It  is  also  called  the  vie  probable 
and  the  fpuilion  of  Life,  but  all  of  these  terms  are  ill-ehosen,  ior  every 
possible  dunition  of  life  hus  a  certain  probability,  which  may  be  de- 
termined by  life  tables. 

Menu  DumtloD  of  Life  is  another  ill-ciiown  term  with  which  the  last- 
mentioned  is  often  confounded,  but  which  has  nn  entirely  dilferent 
mt^uning.  It  h  meant  to  expre-ss  tlie  probable  duration  of  life  from 
the  date  of  birth.  In  an  ordinary  population,  subjected]  to  the  usual 
diMnrbint;  inflnenees  of  migration,  it  means  present  age  phi*  the  prolj- 
able  length  of  life  a^er  parsing  n  givvn  point,  and  is  commonly  called 
ihe  fTjiectaiion  of  lift  or  mean,  ^fitr-lifdime.  It  is  a  term  which,  by 
reason  of  its  indeliniteneH.4  and  loosenew  of  application,  it  would  be  well 
to  eliminate  altogether. 

Exp«ct»UoD  of  Life,  or  Mean  After- lifetime,  is  the  average  number  of 
yp-ars  which  an  individual  sil  any  given  age  will  continue  t<i  live,  as 
ahtiwn  by  a  life  tal>le.  As  applied  to  whole  <:ommnnilic!<,  it  is  the 
mean  duration  of  life  of  a  gcncnition  of  individuals  from  birth  to  death 
am)  i»  regarded  as  the  only  true  measure  of  the  heallh  of  entire 
populations.  Like  others  whieh  hnvc  gone  before,  it  is  an  unfortunate 
cxpr»i««ion  tending  to  confusion.  "The  term  does  not  imply  that  an 
individual  may  reiwoiiably  exjiect  to  live  a  given  number  of  years. 
The  exoesfl  of  those  who  dio  hitc  is  distributed  among  those  who  die 
early,  'thow  who  live  longer  enjoying  as  much  more  in  pro|>ortion  to 
their  number  as  those  who  fall  short  enjoy  less  of  life.'  Thus  the  es- 
pcelation  of  life  ha.-*  no  relation  whatever  to  tbe  moat  probable  lifetime 
of  any  given  individual."    (NewMholme.) 

"  Krpfetation  of  life  is  an  incorrect  term  :  the  time  which  tt  is  fxperitd 
a  person  will  live  is  the  lime  which  it  is  an  c%'cn  chance  he  will  live; 
it  is  the  erV  pi-otiablf  of  the  French,  and  is  correctly  expre*j«e<l  by 
'  proluible  lifetime'  The  arter-lifetimc  can  only  be  the  same  as  the 
probable  lifetime  on  Demoivre's  hypothesis — that  the  surviving  form 
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an  ariUimettcal  progreBSJon.     The  term  *e:xp<«tAlton  of  lif^,'  tital 
by  Dvinoivre,  i»  corrc-cl,  un  ihat  supposition,  wliioh  is,  however,  i 
iteelf  quite  erroneous.     The  idea  intendnl  to  be  cxprpesecl  by  'e, 
tatinn  of  life '  18  the  iimtn  tvar  wiiich  a  numU-r  of  pentonn  at  aoy  >»■ 
slant  of  ngc  will  live  after  that  instant:  it  is  the  French  vie  moymiw 
an<]  this  techiiiuil  id<Mi  in  strictly  and  shortly  exprewrtl  by  nfitrti/ttitn 
u  pure  En};lish  vrord,  formed  on  the  sante  analogy  as  aflfrli/e,  q/}< 
limf»,  ajternije,  njiirlunirii.      Tho  iijirrlifHiiiif  of  iiu-n  at  the  age  of  .30  ii 
33  yours  by  the  English  l.ifc  Table  :  33  years  is  not  the  precise  ti 
probably  that  auyotit-  of  that  age  will  live,  but  the  avenige  time  thai 
a    number  of  men  of  that  age  will  live,  taken  one  with  another 
Age  +  nfieriifitiuit  =  Lifetime.      At   30   this   in   30  +  33  =  63,    tiM 
avcra^i;  Q)^  which  men  now  iigiil  30  will  attain.     At  birth  thU  ii 
0  +  40=  -10  ;  when  HJttimf  and  ajfrrli/itiuie  are  the  eaiiie  thing. 

"  The /i/efimi"  If  imply,  without  the  addition  id  a 'fimi  afff,  will  eer%'e  t( 
exprcsH  in  one  word  what  is  improperly  called  (he  expertation  of  lift  a 
birth :  thus  thtr  llf-tiiiie  of  nuiles  in  I-lnghmd  is  40  yeat»,  the  /t/Wimr  of 
males  in  Mnnehc^rr  is  24  years.  Those  who,  from  habit,  prefer  "ex- 
pectation of  life,  can  always  .subsiitute  it  for  oflfrlifHimr ;  from  tlM 
use  of  which,  in  this  puper,  no  ambiguity  con  arise."  (Dr  Willian 
Fnrr,  Kijjhth  Annual  Uejiorl  of  the  Registmr-fieneral,  p.  'i79.) 

Life  Tables. — .\  life  table,  according  to  Dr.  Fnrr,  is  an  instntmei 
of  precision.  "  It  may  lie  called  a  biometei;  for  it  gives  the  e» 
measure  of  the  durutioii  of  life  under  given  cireumrtanees,  •  •  • 
life  table  representa  a  generation  of  men  passing  throngit  time;  and  l! 
under  this  ai^pccl,  dating  from  birth,  'm  called  age.  In  the  first  oolu 
of  a  life  table,  nf/f  is  expre.-ised  in  ^ctirn,  commencing  at  0  (birth),  ai 
proccciUng  to  100  or  1 10  ywirn,  the  extreme  limit  of  nlwiTved  lifetime." 

In  onJer  to  construct  a  life  table,  it  is  essential  to  have,  as  material, 
a  knowledge  of  the  sisw  of  the  population  and  its  age  and  sex  diAtribu< 
tioD,  and  the  returns  of  death  for  a  year,  or  a  serieti  of  years,  arnin 
nceurding  to  age  at  death  and  nex ;  and  for  tonli,  certain  ab.Htri»e  ma 
malical  formnhc  which  it  is  hanlly  necessary'  to  consider  liere. 
jirinciple  upon  which  the  tables  are  ltaAe<)  is  that  if  a  lai^  number 
preons,  1 00,000  for  imttnnoe,  born  at  the  eounc  time,  were  followed  f 
birth  to  the  grave  and  their  deaths  recorded  in  the  usual  man 
the  average  age  lived  could  be  obtained  by  dividing  the  sum  of  tlici 
ages  at  death  by  their  original  number,  and  the  number  of  deaths 
of  survivors  at  each  |>eriod  would  be  known.  Another  lot  nf  the 
size,  observed  elsewhere  nnd  living  under  diflercnt  oandilions,  won 
give  different  results,  and  thus  the  InflueDce  of  the  discrepant  eo 
ti(>ti8  could  be  measured. 

To  ensure  aa  great  accuracy  as  jxtsaihle  in  constructing  life  tables,  i 
ii  beat  to  take  the  death  returns  lor  the  entire  inlerc4'iiAal  pi'riod  of 
or  10  ynrnt  and  tile  mean  population,  for  the  expcricnoe  of  a  aio] 
year  may  be  very  exceptional.  Tables  can  Ite  coustruded  comprisi 
each  year  of  life  or  acconling  to  quinquennial  periods,  and  arc  mai 
fur  each  eex.     From  them  one  determines  llie  probable  proporlton 
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•  given  numlier  timt  will  arrive  at  diflVtrent  ngos,  the  iiroMntity  of 
liviDg  a  given  time  at  each  yvat  or  period  of  ace,  the  mean  afterlife- 
time  at  the  end  of  any  given  year  or  period,  and  tlie  aggirgale  future 
lifetime  of  tlie  survivons  at  the  cDd  of  each  year  or  age  period,  or  what 
is  kndwn  as  the  tije  capital  of  the  entire  community. 

TItc  pruhability  of  living  a  given  lime  for  each  year  of  life  or  age 
period  equals  the  number  of  survivors  at  the  beginning,  into  the  num- 
ber ut  the  end  of  tlic  y(3ir  or  pt-riotl.  Tim  pivbnblc  number  of  mirviv- 
ors  at  each  year  or  period  is  obtainable  directly.  The  mean  afterlife- 
time  at  the  end  nf  any  f^ivi-n  year  or  period  w  obtained  by  adding 
together  the  years  lived  by  the  whole  life-table  population  beyond  the 
year  or  periiKl,  and  dividing  the  sum  by  the  number  of  survivors  at 
that  particular  time.  The  life  capital  of  a  community,  divided  by  the 
population,  gives  the  average  fiiture  lifetime ;  and  into  a  hundred  tiroes 
the  population,  gives  the  perccntii^^  of  annual  expenditure  of  life  capi- 
tal, since  the  mean  population  equals  years  of  life  expended  in  a  year. 

For  further  inforniiilion  conecming  this  brnnch  of  vital  stiitietics, 
aud  for  further  consideration  of  statistical  methods,  values,  and  errors, 
the  rentier  ia  referred  to  the  many  standard  works  dealing  with  the 
subject. 


CHAPTER    XV. 


PEIISOXAL   HYGIENE. 


In  ndditioii  ti>  tin;  bnrrier^  whicli  public  hygitiir  interposes  for  Um 

Srotection  of  )h<?  health  of  commuDities  bv  protecting  water  supplies, 
isposing  of  sewage  and  other  wHrtl«;:<,  excliiclicif;  exntic  dtseasca  hj 
means  of  quarantiDc,  providing  for  isolation  of  communicable  diseana, 
destroying  infectious  matter  by  diitin  feci  ion,  rtf^iluling  tbc  conduct  of 
duigflTous  OC4-U pillions,  providing  for  the  inspection  of  foods,  and  throw- 
ing out  other  safegiiartU,  the  individual  owl's  it  to  himself  and  lo  the 
community',  of  which  he  conritilutoe  n  more  or  less  valtuble  ooit,  to 
erect  such  other  barriers  for  his  own  proteotion  as  he  oan,  by  due  re- 
gnrd  to  eiicli  hiibitA  of  life  w  conduce  lo  ■  healthy  existence.  It  js  his 
duty  to  maintain  bnbits  of  personal  oleanlineafl,  to  regulate  hi^  diet, 
avoiding  all  exces^tcH  in  eating  and  drinking;  to  prot^^'ct  his  body  by 
suitable  clothing  ;  to  take  i^iinicicnt  exercise  in  tlie  open  air ;  to  keep  hi* 
system  in  perfect  working  order  throiighoul;  to  devote  a  suflicicnt 
part  of  each  twcnty-foiir  hoiirv  to  needful  rest  of  mind  nod  body  ;  and 
to  keep  his  immediate  surroundings  in  as  cleanly  a  »tatv  as  his  own 
person.     This  is  the  doiiuiin  of  persona)  hygiene. 


Section  1.     CASE   OF   THE   PERSON. 

It  is  Iwrdly  uwieHsary  u>  impress  tipou  iiitolligenl  jH-upl'.-  the  impor* 
tance  of  pcraonal  cWoHnci^,  for  with  such  it  is  a  matter  almost  of  in- 
stinct. In  the  case  of  the  naturally  dirty,  the  attempt  lo  educate  la 
this  particular  is,  as  a  nile,  a  tiopeletw  task,  and  with  such,  the  mainte- 
nance of  cleanliness  of  body  and  siirrounding»  can  be  obtained  only  by 
compulsion.  There  it  in  every  civili7A>d  ooramunity  an  alUloc>-lai]ge 
proportion  of  persons  who  never  bathe,  and,  indeed,  regard  a  batL  as 
a  positive  danger  to  health,  as  every  phystciaD  who  has  hiul  an  experi- 
enoe  aa  a  hospital  interne  or  in  practice  among  the  ignorant  poor  can 
abundantly  testify. 

Bathing  is  of  importance  tohonlth,  both  for  its  action  in  removing 
dirt  and  infectious  matter  of  external  origin  and  for  its  iofluetice  in 
keeping  the  skin  free  from  ytmsU:  products  of  the  system  and  in  a  ood- 
dilion  for  the  proper  exercise  of  its  natural  funcltona ;  for  tlic  skin  is 
one  of  the  inoflt  important  nattinil  defenHCin. 

Baths, — By  nn  arbitrary  division  of  temperatures,  cold  iMths  are 
those  in  which  the  water  hait  a  temperoture  below  6'>°  F. ;  oool,  bc- 
tvpcen  66°  and  80°  ;  tepid,  between  80°  and  90°  ;  warm,  between  90* 
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and  tlic  normal  tcmptTJiturc  of  thi?  bo*ly;  nnd  hot,  above  tliiit  limit,  rs 
high  a.-*  the  nj-slem  can  bear.  Cold  bathing  is  essentially  atimiilant : 
tJi«  ctitan(;uiis  vf«scl!<  (wntrnct  nt  onct-,  and  send  th«  sii|X'rfioiiil  lilfiod 
supply  inward;  the  respiration  \e  momentarily  gasping  in  character,  and 
th<-ri  i<1(iw(.h1  mid  incrctir^'d  in  depth.  Tlie  whole  nervoim  i*yst«m  and 
all  of  the  mental  faculties  receive  an  immediate  powerful  stimtihiH. 
The  puls«  i!>  somewhat  slowtnl.  On  emerging  fnmi  tho  cold  water,  the 
mpiratioD  nnd  pulse  return  to  their  normal  rat«8,  the  cutaneous  vessels 
relax  and  dilate,  and  the  return  of  the  hlood  in  increased  volume  to  the 
surface  give*  a  seDsation  of  warmth,  which  is  increased  by  th«  prt>ce88 
of  "  rubbing  down."     This  is  known  as  the  "  normal  r<-jiciion." 

The  cold  bath  is  btwt  tnken  in  a  tub  in  whieh  the  whole  body  can  be 
unmersed,  but  in  de&ult  of  the  necessary  means,  a  npongo,  saturated 
with  water,  applied  repeatedly  to  the  various  parts  nnd  squet-wd  out, 
forms  »  desirable  substitute.  A  shower  bath  is  still  better,  especially 
one  adniitling  of  rcgitliiliiui  of  tlic  tonipcniture. 

The  proper  time  for  cold  bathing  is  on  rising  in  the  morning ;  never 
on  retiring  for  the  night.  Cold  baths  should  not  be  taken  by  those 
ad^-nneed  in  years,  in  whom  the  arteries  are  atheromatonti,  nor  by  thoM 
with  abnormal  circulation,  who  do  not  ijuiekly  react. 

Not  the  Iwwt  in  importance  of  the  effeets  of  cold  bathing  is  the  im- 
munity which  its  devotees  appear  to  enjoy  against  taking  cold.  Many 
of  those  who  practice  cold  bathing  the  year  round  have  do  experience 
whatever  with  colds  and  can  withstand  exposure  which,  to  others,  is 
productive  of  mueh  illnesK. 

In  sea  bathing,  the  element  of  enjoyment  has  a  moat  important  influ- 
ence. The  salts  are  commonly  sup|io.-scil  to  be  the  cliief  .source  of  bene- 
fit, and  in  consequence  of  this  belief,  many  persons  are  in  the  habit  of 
dissolving  in  their  daily  bath  in  the  household  a  (jnantity  of  more  or 
lew  dirty  material,  »iold  at  u  priw  which  insures  at  leiwt  a  fair  pecuni- 
ary return,  nnd  known  as  sea  salt.  The  influence  of  the  salts  contained 
in  sea  water  is  really  nil,  and  the  benefits  of  sea  bathing  are  the  re.siitt 
of  the  physiological  action  of  cold,  the  attendant  ejcerciso  of  swimming, 
the  pure  air,  the  absents  of  doniettic  and  business  cares  (If  on  vaca- 
tion), and  the  sense  of  enjoyment, 

Warm  and  hot  bathing  cau.ie  a  dilatation  of  the  culanoous  vessels 
and  more  or  le»s  profuse  pcnfpinitioii.  llcspiration  aud  pulse  arc  in- 
creased in  frequency,  and  a  general  floothiug  effect  is  produced.  Hot 
Ittthing  U  a  most  gnit^'fnl  mams  of  rtiliicing  soreness  of  the  muscles 
after  violent  exercise  atid  a  valuable  assistant  in  the  treatment  of 
insomnia,  {■'or  purpuseti  of  pergonal  clcjinlincss.  warm  ami  hot  baths 
arc  more  suited  than  oold,  since  they  can  be  longer  borne  with  comfort 
and  the  relaxation  of  the  skin  which  they  indtiec  is  more  favorable  to 
Otinipletf  rvmoviil  uf  the  adherent  matters. 

if  means  for  complete  bathing  are  not  at  hand,  the  individual  should 
in  any  event  give  daily  attention  to  careful  cleansing  of  the  axillie, 
groins,  genitals  aud  feet,  as  well  as  the  hands  and  face. 
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Section  2.     BEQULATION  OF  THE  DIET. 

It  is  obviously  impuHAililt^  v>  forniiiliitc  any  ^tyittom  of  nileo,  applic- 
able to  all  clasBes,  for  ttie  selection  of  <liot  and  tlie  r«gulKtiou  of  bours 
with  reference  to  tbe  daily  dittleH  of  life,  litit  geiicnl  rules  oonceniii^ 
some  aapecl«  of  the  <)iietition  muy  bo  laid  down.  The  suggeslion  m 
light  hreakfiL-^tH,  somewhat  move  fliibs  tan  tin  1  Inncbeons,  and  hearty  din- 
ners at  close  of  day,  with  periods  of  mental  and  phveioiil  nut  after  eaeb 
meal,  i.i  easy  to  make,  but  the  busy  lives  which  the  K;reat  majority  of 
the  population  lead  and  the  widely  ilifterent  eonditionH  of  life  and  oc- 
cujiatioii  make  iw  general  aceeptance  and  adoptiou  quite  beyond  the 
boundti  of  ijoasibility.  It  is  n  common  linbil  uf  writem  ou  i>ersona] 
hygiene  to  compoBe  menus  for  the  several  daily  meals,  to  augf^fl  the 
amount  of  time  whieh  should  be  dovnti>d  t<i  the  consumption  of  each, 
and  to  recommend  the  avoidance  of  physiwd  or  mental  labor  for  vary- 
ing period.'^of  lime  bcfnre  and  aAor  eacli  nn^l,  in  or<ler  that  the  dip«- 
tive  apjiaratus  may  proceetl  with  its  work  under  the  most  favorable 
conditions  for  its  uninterrupted  completion. 

The  adoption  of  most  of  such  recommcndntiaiui,  however,  presup- 
poses a  cnrious  state  of  the  conditions  of  life,  includinp  an  ab»enw  of 
any  marked  preft-reniHw  in  thi-  matter  of  article*  of  diet,  a  complete 
mastery  of  one's  time  without  reference  to  the  demands  of  occupation, 
and  pecuniary  indejx-ndenrH!. 

General  rules  may  be  offered  to  the  elfeet  that  the  diet  should  con- 
Bii<t  of  nholesome  articlen  of  food ;  that  these  ehould  be  consumed  in 
suflicient,  but  nut  excessive,  amount*  ;  that  they  should  not  be  liurriedly 
bolted,  and  that  a.-*  much  time  as  is  consistent  with  the  needs  of  one's 
occupation  should  be  allowed  after  each  meal,  l>eforc  proceeding  to  a 
continuance  of  work.  Obviously,  in  these  jmrticulara  each  person  must 
be  a  law  unto  himttclf,  iiiid  the  gn-ali-r  the  observance  of  general  hy- 
gienic principles,  the  better  tlie  physical  and  mental  well-being. 


Section  3.     REST   AND   RECREATION. 

For  tbe  repair  of  the  daily  wear  and  tear  of  a  busy  life,  a  reasonable 
period  of  rest  of  body  and  mind  is  indispensable.  Nervous  and  mental 
breakdown  result  from  overwork  and  absence  of  recreation,  but  it  is 
impossible  to  make  any  rule  a&  to  what  may  l>c  ifgtirt)e<]  aa  a  safe 
limit  nf  the  amount  of  wnrk  which  may  be  performed.  M<molonv  of 
life  is,  perhaps,  as  potent  a  factor  in  mental  breakdown  on  overwork,  ta 
is  evidenced  by  statistics  showing  the  high  percentage  of  insanity  among 
rarmers  and  farmers'  wives  in  sparsely  scttfci]  districts.  Mental  worry, 
also,  is  far  more  potent  than  mei^  mental  activity  in  causing  pbysicnl 
and  mental  d<^'nc ration.  Itecreation  iM  a  most  im{M)riant  remedy, 
therefore,  for  tbe  breaking  of  monotony  and  worry. 

It  is  im[>ossibIe  to  lay  down  any  rule,  governing  the  amount  of  sleep, 
that  can  ap])ly  to  all  persons  indifferently,  since  active  minds  may  nn>(l 
much  leea  than  what  is  commonly  regarded  a»  a  minimum  general  re- 
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quirement,  and  [>orson8  of  oonttpiriiouftl}'  low  mental  Gni)ftcity  may  re- 
quire much   more.     It  is  generally  acci-pt«(l,  however,  that  for  the 
repair  of  waste,  the  average  man  needs  to  paiut  at  least  one-tliird  nf  hia 
1  timv,  nntnvly,  ol^^ht  lioiirit  h  day.  in  mlcep. 

Section  4.     PHYSICAL   EXERCISE. 

It  i»  CA*ci)lial  to  liie  raainteniiniH.-  nf  a  rtim])lrti.-ly  iiuiltliy  condition 
that  a  well-aoiiriaLic'd  budy  shiill  be  properly  exercised  in  all  its  purtfi. 
[The  miHciilar  effort  involvwl  in  what  we  designato  a-*  [)l)yMeal  exercise 
[■Dd  in  tliv  pursuit  of  ciTtain  cidliiigs  which  ucccssitntp  bo<Iily  activity 
[affects  not  alone  the  general   iniiaculaUire,  but  all  the  organs  of  the 
Ixxly  as  ivcll ;  the  heart,  (he  lungs,  the  digi'stive  appanitiis,  tlic  skin, 
the  kidneys,  the  brain,  and,  in  short,  every  part.     The  heart  and  luuga 
being  stinmlntetl  to  iiRTe«rw<l  action,  an  iiicnyiswl   Kiipply  of  oxygen- 
ated blood  is  sent  to  every  part,  bringing  with  it  the  easentiiila  to  full 
Qutritiou  and  ounvi.'yiMg  to  the  ctiminallvc  ehannoli*  the  ultimate  prod- 
ucts of  metamorphosis.     The  special  stimuli  of  the  various  organs 
ore  excited,  and  tliu.'t  the  several  function.^  are  miuntaiiied  in  a  normal 
state  of  activity. 

lo  order  to  gain  a  full  appreciation  of  the  benefita  of  physical  exei^ 
oise,  ODC  Dcwis  but  to  compare  the  rugg«d  coitditiou  of  the  well-nour* 
isbed  laborer  in  the  fields  or  of  the  student  or  man  of  business,  who, 
in  the  inlcrvnlH  away  from  his  daily  work,  seeks  retri-ealion  in  outdoor 
exerci^  or  indoor  eymuastics,  with  tliat  of  the  pent-up  sedentary 
operative  or  the  indolent  8e<>ker  after  pleaxurea  involving  inaction. 
Whether  the  work  of  the  individual  be  that  of  the  hands  or  brain,  it 
is  lietter  sustained,  if  the  sy.ttem  is  kept  active  in  all  its  functions  and 
parte. 

Effects  of  Active  Exercise. 

CircalatiOD  and  RespiratiOD. — Muscular  ctfort  catises  the  heart  to 
beat  more  rapidly  and  with  greater  force,  so  that  more  blood  is  sent 
through  the  lungs  and  uU  (Nirts  of  the  body,  including  the  substance  of 
the  heart  itself.  Unless  the  exercise  is  excessive  in  duration  or  vio- 
leucc,  the  increased  action  is  regtdnr  and  equal,  and  cessation  of  the 
exercise  Is  followed  by  gradual  slowing,  until  the  rate  is  bekiw  the  nc«w 
mal ;  and  then  by  return  lo  the  natural  rati:  Willi  excess  of  muscular 
eBbrt,  the  pulse  bi-comeKquiek,  small,  and.  often,  more  or  less  irregular, 
and  even  during  ihe  fall  in  rate  in  the  interval  of  re.it,  may  lie  iuler- 
mitb'nl.  Excessive  rapidity,  irregularity  in  pulsation,  and  ine()Uiility 
of  volume  are  indicative  of  the  necessity  of  rest  and  of  danger  from 
continuance. 

The  increase  in  the  pulmonary  circulation  is  accompanied  by  in- 
cmiM*  in  ri-S|iiratory  action,  so  that  a  larger  vnhime  of  blood  is  fon-i^^l 
through  the  luog4  and  comes  in  contact  with  an  increased  air  supply, 
from  which  it  receives  the  necessaiy  increase  in  oxygen  for  wnvey- 
aace  to  the  tissues,  and  lo  which  it  gives  up  its  carlwn  dioxide,  aque- 
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ous  vapor,  nixl  otlicr  wa«te  products,  for  removal  from  the  body.  Ac- 
oonling  to  the  researches  of  PetUnkofer  nnd  Voit,  tlitr  oxyg«ui  absorbed 
during  an  onluiary  working  day,  with  the  usual  intcrxu)  for  rest,  it 
about  oaMliird  ereater  in  amount  than  during  a  day  of  Inaction,  and 
the  cart>on  dioxide  prvdun-J  and  l-lltuillflt^d  In  increased  nboul  Iwo- 
fifttis.  During  exertion,  the  action  of  tlte  cheat  should  be  impeded  aa 
little  aa  posalbfe  by  lightly  fitting  clothing  nnd  other  restriction*. 

ExvcMive  exercise  causes  labored  breathing  and  sighing,  which  are 
indicaliona  tliat  ibc  lung«  are  too  much  conge^ti-t)  ano  that  rest  is  re- 
quinil. 

Continued  excesalve  exrrctw  may  bring  al>oul  palpitation,  dilaiatioa, 
hyperlruphy,  au<]  even  valvular  Icf^tons  of  the  heart,  and  congwtion  of 
the  longH,  accompanied,  M^nieilme?,  by  bwnioply.^la.  Sudden  umunial 
eObrt  may  causcruptureorothcrinjury  of  the  blood  veatwlBfltHl,  rarely, 
even  rupture  of  the  heart 

LK-6«icnt  vxercise  favors  weakening  of  the  heart's  action,  dilatation, 
and  fatty  degeneration  ;  and  in  those  with  inherited  predispoaiiion,  lie 
prc|jarntion  of  suitable  soil  fur  thv  reception  uud  development  of  the 
ornmism  of  tuberculosis. 

BkilL — In  conMxiuencc  of  the  increased  blood  supply  sent  throagjli 
the  cutaneous  vessels,  tlie  lutler  dilate  and  the  skin  t>ecomes  n?ddM>eJ. 
Ileal  is  brought  from  the  interior  of  the  body  nnd  radiated  from  the 
surfn<T,  nnd  a  further  cooling  eSect  is  caused  by  the  evaporation  of  the 
aweat  which  is  poured  out  by  the  sweat  glands.  Thus  the  exceea  of 
heat  produced  in  the  system  through  exercise  of  its  various  parts  b 
eliminated  and  tbe  body  tompeivture  kept  In  a  state  of  equilibrium. 
Tb«  amount  of  wat<-r  given  off  by  the  lungs  and  sktn  during  a  day  of 
average  work  vma  shown  by  Pettenkofer  and  Voit  to  be  nearly  twice 
luid  a  luilf  that  cllminuled  during  the  sanii:  [wriod  of  rest. 

With  the  water  of  the  sweat,  tbe  body  loses  aalts,  especially  aodium 
chloride,  and  fiilly  acids  and  other  organic  substaDces. 

During  exercii^c,  while  the  skiu  is  active,  there  is  but  little  danger  of 
chill,  even  though  the  tikiii  l>e  lightly  cuvered  or  even  cxpoiitcd,  but  as 
soon  as  the  b>Kty  rests,  the  temperature  falls,  and  sweating  and  evspcf 
ration  continue,  so  that  it  Is  Important  to  protect  the  h^^y  again»t  sud- 
den checking  of  the  .^kin's  action  and  chilling  of  the  surface.  This  b 
b«*t  done  by  means  of  clothing  of  Iqw  heat  conductivity,  preferably 
woolen. 

With  normal  action  of  the  skin,  the  body  tem|)erature  remains  fairly 
contttant,  the  heat  of  the  blood,  even  during  most  violent  exercise, 
rarely  rising  much  mor«-  than  a  degree  Fahrenheit  alwve  tlie  Dormal. 
During  work,  a  decided  rise  in  teni]H-ratutf  indic»li.«  leNurned  evapofa- 
tiou  from  the  shin  and  |)oints  to  possible  danger  from  heat  apoplexy. 

NstTOlu  System. — It  is  a  common  Ix^Iief  that  exerciw  has  no  effort 
in  incrwising  the  powers  of  the  mind,  this  belief  being  based  on  (lie 
supposition  that  the  greater  expenditure  of  nervous  energy  called  for 
in  the  exercise  of  the  muscJcs  is  opposed  to  intellectual  development  or 
accomplishment.     In  support  of  the  idea  that  great  mu.4cular  power 


1 


pirrsicAL  EXEscrsB. 


«97 


and  exertion  are  incompatible  with  marked  mental  attainments,  the 
fact  ia  otttn  «it«(I  thut  trained  ntlilrtea,  as  pugilists  and  wrvHtlera,  arc 
conspicuously  )^lupid.  But  admitting  that  this  ja  true,  it  may  ateo  be 
Maid  that  thi^^o  {ht-sod^  are  .tiiipid  in  sjiitc  of  rather  thnn  Im'Caum^  of 
tbeir  physical  dGVclopmcnt  and  tniining,  and  the  fact  may  he  jmintcd 
out  tlint  in  our  itchoiilM  and  coll«)^^s  tli«  chosen  athletic  reprciiientativeii 
rank,  as  a  class,  even  higher  than  th«  avenigc  of  thetr  non-athlctic 
brethren.  Intellectual  ability  is  inonmpatible  with  the  embracing  of 
pugilism  as  a  cjilllut;,  but  is  quite  ojnftlstcnt  with  a  hij^h  <lcgrcv  of 
physical  perfection  and  tuxiily  exercise.  Furthermore,  a  reaiionable 
deKTf*  "^'f  iK^^tivily  appears  to  be  iicctssiry  to  the  pcrformnnec  of  men- 
tal labor,  for  without  projier  nutrition  and  exercise  of  the  system,  the 
nerves  and  nerve  ccnliTS  must  snlTi-r  with  other  parts,  oven  a»  they 
roust  share  in  the  benefits  of  healthy  and  vigorous  living. 

One  part  of  the  general  Hvstem  cannot  uionoixiHw  tlie  benefits  of 
training :  the  muHcIes,  for  example,  cannot  be  trained  without  the  par- 
tidpatioii  of  the  nervous  system  in  the  good  results,  nor,  on  the  other 
hand,  can  they  be  abused  without  injury  to  other  parts  sis  well,  for 
motor  activity  is  the  result  of  nervous  energy,  and  all  fatigue  is  nerv- 
ous fatigue.  As  cvitk-noe  of  the  beneficial  influence  of  exercise  on 
the  nerves  may  be  cited  the  greater  readiness  with  which  trained  mus- 
cles respond  In  volition. 

Deficient  exercise  is  a  common  cause  of  morbid  excitability,  mani- 
f««twl  hy  irritability  of  temper,  tMrnsitivoness,  and  that  form  of  nervous 
unrest  commonly  known  us  fidgets, 

DigeatiTe  Apparatus. — The  gn'at  increase  in  the  excretion  of  car- 
Imn  dioxide  and  in  general  cellular  activity  causes  a  demand  for  food, 
aiwl  the  appetite  is  incri'ased,  es|»e<'inlly  for  pniteid  matter  and  fats. 
Digwtior  is  asKtste^l,  and  absorption  is  hastened.  The  volume  of  th« 
excreta  is  lessened  by  reason  of  a  diminished  content  of  water,  due  to 
increased  elimination  through  the  skin  and  lungs. 

Ijacic  of  exercise,  on  the  other  hand,  tends  to  diminish  appetite  and 
the  [niwers  of  <ligeitti(in. 

Kidneys. — The  amount  of  urine  is  lessened  by  reason  of  increased 
loss  of  water  llinmgh  the  skin  and  lungs.  The  inorganic  salts  are  com- 
monly iucrcasitl,  both  relatively  and  absolutely.  Urea  is  not  increased 
and  may  even  be  diminished,  ah  shown  by  Pett«nkofer  and  Volt,  in 
which  case,  a  moR^  than  compensatory  increaso  occurs  during  the  inter- 
val of  rest. 

Effect  of  Exercise  on  Weight. — The  effect  of  systematic  regular 
exercise  on  weighi:  is  bv  no  means  constant,  but  is  influenced  by  the 
condition  of  tlie  body  in  the  begiiming  and  by  the  amount  and  variety 
of  the  food  ingested.  Many  persons  shortly  after  beginning  a  course 
of  training  for  the  reduction  of  weight  or,  more  correctly,  of  siie,  find 

Lthat  a  reduction  in  girth  is  accompanied  by  an  increase  rather  than  n 
diminution  in  weight.  This  menus  simply  that  the  system  has  drawn 
upon  it«  ston»)  fat  for  fuel,  this  fat  being  most  conspicuously  placed 
in  tbe  vicinity  of  the  waist  line,  and  has  built  up  ti-ssues  elsewhere  for 
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moving  the  various 
CTCMe  iuu  its  limitatioo)!,  and  when  thv  mnximiini  has  Iwen  reached, 
the  fall  io  weight,  due  to  utilixation  of  surplus  fat,  ma^r  continue  nntil 
ft  point  is  rvftclied  whi.ii  thv  curv«  of  weight  apjiiYtxi  mates  a  horizontal 
line,  and  the  person  may  be  satd  to  be  in  perfect  phvsicnl  condition. 
Tli«  niarktil  lossM  in  weight  which  occur  duriim;  violent  exercise  are 
soon  oouuterbaUnoed  by  ingestion  and  al)sor)>tion  of  footl  and  driuk.     ■ 

Amoirnt  of  Exercise  Keqaired. — Since  in  tlie  ordinarv  mutine* 
of  life,  a  considerable  and  vary  in;;  amount  of  phrm-nl  work  is  per- 
formed,  it  is  impi»iiible  to  fix  any  nile  eonoeming  the  exact  diiily 
amount  of  exercise  which  a  healthy  nunniil  iidutt  should  take.  Wiih 
tlie  vast  majority  of  perwiks,  all  tlw  exercise  needed  is  taken  as  on  in- 
Kparablc  element  of  Ihdr  n^^^'l"'  occupation,  and  any  additional  work 
is  performed  as  a  means  of  recreation.  On  no  other  ground  can  be 
exptaiii<:<),  for  exnniple,  tiic  evciiin(j  bicyol"  ride  nf  the  letter  earner 
after  the  monotony  of  his  daily  rounds  on  foot,  or  the  ptme  of  ball  be- 
guu  at  tlw  clotw  of  the  day's  work  by  the  handii  from  the  mill  or  foun- 
dry. 

A  fair  day'^  work  for  an  adult  may  be  said  to  be  equivalent  to 
about  300  foot-tons,  a  hard  day's  work  to  400,  and  a  vcrj-  hani  day's 
work  to  500  foot-tons,  llie  latter  is  about  die  amount  of  work  pei^ 
formed  by  a  soldier  of  avcn4^  weight  marching  at  ease  with  his  kit 
twenty  mileti  o%-er  a  level  surface  at  the  rate  of  three  miles  an  hour. 

It  lias  been  reckoned  by  llitii^lilon  tlint,  in  walking  on  the  flat,  one 
performs  an  amount  of  work  equivalent  to  raising  a  certain  proportion 
of  his  weight  tlirough  the  distance  traveled,  the  proportion  varying 
according  to  speed.  The  work  pcrfonned  is  reckoneil  by  tbt  follow- 
ing formula : 

IF      :=  wtigbt  of  tb«  penca. 
W*     =  Wflelil<«rrinL 
P       =(tirtaDC«  in  t«/L 
^SU^nuaibcrof  poiuHb  ins  long  Ion. 
C      =oo«Ad«nl  A  inciioit. 

The  coeffieieDti  of  traction,  as  determined  by  Haughton  for  diSerart 
ralc«  of  sp<.>i-^),  lire  as  follows  ; 

M»HpHlwBr. 

!■«« "■" 2^ 

*■« - iA> 

«^*^- -iM 

From  these,  the  coefficients  for  any  rate  cnti  be  determined.  For 
two,  three,  four,  and  five  miW  per  hour,  they  are  approximately 
J     -L,  J|,  and  ^j,  respectively.     Thus,  a  man  weighing  175  poundt. 
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walkiug  10  mileti  nt  tlic  rnto  of  four  miles  per  hour  iind  carrying  2b 
potinda,  would,  acoorcling  to  the  formula,  do  nearly  300  foot-tons  of 
work — 

ti;a.Has)x6a,8O0     1^ 

%atD         X  „-»»■«. 

n  asoGnding  a  hvighl,  n  man  lift«  hU  «nUrc  weigltt  Anq^  the 
Vertical  distance  trnv^llcd.  Thiia,  the  same  man,  carrying  Ili«  «UM 
weight,  L-liiuhing  nix  fliglilH  in  an  ordinary  ofltce  building,  would  do 
dwut  eight  fool-toDg  of  work,  reckoniitg  t)ie  distuncc  climbed  iiit  dO  fci-t. 

For  those  who  do  no  regular,  ordinary,  physi<^l  labor,  it  has  been 
Mtimatvd  by  diftV-rcnt  iinlhoritU-M  that  exerpiat'  equivalent  to  from  lOO 
to  150  foot-tons  ia  sufficient  for  the  maintenance  of  a  fair  state  of 
h«nllh.  But  thii4  ithunld  not  be  pii((h(.4l  to  the  extent  of  being  exbautit- 
ing  or  irksome.  When,  in  the  course  of  exercise,  the  body  begins  to  be 
fatigued  or  tiie  heart  and  re-tpiratiun  Id  be  «inbarrai««('d,  reitt  ia  required  ; 
for  excessive  exercise  ceases  then  to  be  a  benefit.  Severe  jtrolouged 
exertrise  may  caui^e  dilatation  of  the  lieart,  aneurysm,  and  respiratory 
diBorder*. 

Kinds  of  Exercise. — Exercise  as  a  hygienic  measure  may  be  divided 
into  outdiK)r  work,  including  walking,  riding,  and  athletic  sports,  and  in- 
door work,  or  systematic  gymnastic  exercises.  The  former,  preferred  by 
all  Knglieh-:«|ieaking  [veople,  are  carrii-'d  un  under  far  niori'  healthy  con- 
ditions and  bring  with  them  a  much  greater  measure  of  enjoyment 
than  the  latter,  which  are  preferred  on  the  t'ontinent,  more  ea^tecially 
by  Swetles  and  Germans.  Indoor  work  iu  the  gymniu^ium  i«,  as  & 
rale,  purely  work,  without  the  element  of  pleasure  either  in  anticipation 
or  during  it*  coutinmuiee,  and  is  perfiirnuil  iw  a  wri<>us  duty.  It  is 
carried  out  from  day  to  day  fur  a  longer  period,  it"  done  in  company 
Willi  others,  as  in  a  class  ;  in  which  case,  emulation  may  gland  in  the 
place  of  actual  enjoyment.  But  ordiuary  indoor  exercise  with  Indian 
«1ul)«,  dumb-lxrlU,  chest- wt^ighlit,  and  liiuiilnr  appliancea,  carried  on 
alone  in  one's  room,  is  usually  mo-it  umiatis factory  in  its  results. 

There  are  some,  doubtleA.'i,  who  regularly  take  a  certain  amount  of 
this  cUuu  of  exercise,  enjoy  it,  and  prnfit  by  it ;  but  commonly,  the  en- 
thusiasm which  attends  the  purchase  of  the  appliances  declines  in  a 
mnrkeil  tlegree  by  the  end  of  the  third  or  fourth  day  of  u»c  and  has 
disappeared  in  a  week.  Then  the  exercise,  now  simply  a  duty,  de- 
velops xpeedily  into  a  l>ore,  for  the  monntoiiy  of  this  kiml  of  work,  into 
which  no  sense  of  achievement  enters,  except  that  from  the  accomplish- 
ment of  a  wearisome  round  of  strokoa  men.'<urtMl  by  hundreds,  prodnoen 
a  di»taete  :  nnil  soon  the  work  hecomeg  spastniHlic,  the  intervals  grow- 
ing longer  and  longer,  and  linally  is  completely  abandoned. 

Qolf. — This  exceedingly  piipidar  game  ap[K'ar8  to  be  an  ideal  form 
of  exercise  for  all  ages  above  early  cJiildhood  and  particularly  for  tlio«e 
wIioM  lives  are  e^senlially  sedentnry  or  whose  age  precludes  them 
from  following  the  mort.>  violent  games.  The  amount  of  work  per- 
formed in  going  once  over  a  oourBc  i»  very  p(>nsi<)crable,  but  it  is  done 
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ID  such  n  way  and  under  such  surrDaodtngs,  with  ever-chai^ng  sceoe, 
that,  at  the  time,  it  ia  hardly  ap|>recia1«d.  The  mind  it  pleasantly  en- 
;;af^  in  speculation  as  to  the  possibility  of  achieving  oertain  mults 
and  is  filled  with  i>leasurable  eniotioitR  when  the  effort  is  crowned  with 
»uc«e.'«t ;  the  lK)dy  is  gently  exercised  in  nil  its  part«i  by  a  form  of  work 
pcrlbrmed  because  it  ia  so  eescctially  a  means  of  enjoyment.  It  cannot 
be  abased  as  are  bo  many  otlier  aporta,  and  thcro  is  no  necessity  for 
qnirk  and  violent  oetion,  as  in  teDnis  and  football. 

Wheella*. — Wheeling  involve  very  liirgrly  the  entire  i»iiacidar  ays- 
tern  and  brings  into  play  ^roupfi  of  muscles,  the  existence  of  which 
have  not  before  been  aiipreciated  by  the  Ix^nner.  \\'ith  tlw  wheel, 
one  cui  take  aoy  desired  amount  of  gentle,  moderate,  or  violent  exer- 
cise. It  gives  a  eonstant  change  of  acene  and  the  plea-iiirahle  aeiiae  of 
motion,  both  of  which  are  of  value  to  the  tired  mind.  It  ts  not  the 
parlicular  form  of  muscular  exertion  that  is  the  incentive  tolongexer^ 
cite  on  Uie  wheel,  but  tlic  pleasure  wiiicrh  it  gives,  for  uo  more  monoto- 
nous exercise  can  be  devised  tlian  riding  a  stationary  bicycle  in  a 
gymiianinni,  while,  on  the  otheT  hand,  inniiy  wito  wonld  n>^rd  an 
errand,  involving  a  walk  of  a  mile,  as  a  hartbhip.  will,  without  demur, 
wheel  fi\'e  timeji  that  dlM-auee  for  the  sinme  end. 

Tauda,  ate. — Tennis,  football,  baseball,  and  other  outdoor  sports  are 
comparatively  violent  for  the  majority  of  ]>eople.  They  bring  the 
whole  bixly  into  action  and  are  \iiluable,  if  not  puslted  too  liir.  They 
do  not  admit  of  varying  the  paoe  aoeording  to  the  latigue  of  individual 
phiycrs,  in  which  re«pout  golf  and  wheeling  possess  an  advantage. 

Itowing  is  also  a  veiy  healthful  form  of  exercise,  but  the  violent 
exertion  nN)uired  in  tlie  unstained  effort  of  racing  is  not  always  a 
benefit. 

Section  6.     GLOTHINO. 

The  objeets  of  clothing  are,  aside  from  motives  of  decency,  to  pn>- 
tect  the  body  fn>m  the  «nn's  rays  in  hot  weather^  from  the  cbillipg  in- 
flueni^  of  winds  in  all  weathers,  from  rain  and  other  forma  of  wet, 
aud  fnim  mvdiitnituil  iind  niher  external  injun(«  and  discomforts;  to 
conserve  the  body  lempemture  and  prevent  interference  with  the 
natural  functions  of  the  skin ;  and,  finally,  to  adorn  the  person.  The 
proper  fulfdUitcnt  of  these  various  objects  is  dependent  upon  the  nature 
of  the  material,  the  looaeaean  of  ils  texture,  its  color,  its  hygrcusoipiciiy 
and  heat  oiindiictivity,  and  its  special  adaptability  to  eome  |uirticular 
purpose. 

Color. — The  heat  of  the  i*un's  rays  is  nbsorbe<l  to  the  grratest  ex- 
tent by  black  materials  and  leaat  by  white.  Next  to  black  come  the 
dufc  shades  of  blue,  and  then  in  order,  green,  red,  ami  yellow.  Heal 
ia  reflected  nio»l  by  white,  and  then  in  order,  the  light  shades  of  yeJlow, 
red,  grwn,  and  blue.  The  color  of  undergnnnonts  (not  exposed  to  the 
raya  of  the  sun)  excrc.isei<  no  inHnenc«  whatever. 

TextQTt. — The  looser  tlie  texture,  tlie  greater  the  amount  of  air  in 
the  intci«t)c«s  ;  and  air  being  a  ven*  poor  heat  conductor,  other  things 
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b«iDg  equal,  a  loowly  woven  fabric  provetils  loes  of  botly  heat  in  a  Btill 
air  luortt  llijiii  oik>  iif  cIumt  tiixl.iir/^  Thiu  it  \>i  llmt  n  (hin  loosely 
woven  garmetit  of  woolen  is  warmer  la  the  botly  in  a.  still  cold  atmos- 
phvrv  Ibaii  iiii  e(|iiitl  nriioniiL  of  closely  woven  matcrtnl  nf  th*:  itame  or 
other  kinds.  The  Ninie  n.-«iult  is  attaini-d  by  wearing  a  number  of  fi;ar- 
mviiM,  one  over  another,  ao  tlial,  having  layers  of  (<ontiiif(l  air  between, 
they  act  in  tho  sanii-  way  as  double  windows  on  a  houi^c.  The  value 
of  furs  as  lYinservators  of  heat  is  largely  due  to  the  large  amount  of 
air  retainiil  bi-twecii  the  imlividniil  liaint, 

Ira[>erraeal>le  malerials,  being  absolutely  wind-proof  and  hence  per- 
mitting  no  nutunil  ventilation  tlirou^rli  their  mibstanw,  an;  very  warm, 
but  have  serious  disadvantages,  the  most  important  of  which  is  the  reten- 
tion uf  the  transpired  mnlttlureof  the  borly,  which  colleolson  ihi-  pnrfiice 
and  is  absorbed  only  in  part  by  the  clothing  next  thereto.  Against 
rain  and  cold  winds,  impermeable  materials  afford  ver^'  great  proteclion. 
Winds  act  in  two  ways  to  chill  the  body  :  by  oonstant  removal  of  the 
air  in  oontact  with  the  body  and  warmed  by  reason  of  contact,  and  by 
hastening  evaporaliou  of  the  moisture  within  the  HulwtuncG  of  the 
clothing. 

Heat  Conductivity. — Mnttrrinls  vary  widely  in  their  power  of  heat 
conduction.  Among  tlie  textiles,  linen  and  cotton  are  by  far  the  best 
ounduclors,  and  wool  the  poorent ;  but  since  the  conductivity  of  a  gar- 
ment is  governed  mainly  by  the  looaeuess  of  texture,  it  follows  that 
tbe  same  amount  of  a  hi)rb  conductor,  loosely  woven,  may  be  warmer 
than  wool  woven  very  oloccly.  But  the  fabrics  made  of  the  best  con- 
ductors arc  c*^)mmonly  very  closely  woven,  and  of  wool  are  of  varying 
deffrees  of  looseiicse. 

BjgTOSCOpicity. — Fabrics  bold  moisture  in  two  ways  :  first,  by  re- 
taioiog  it  in  the  intvnfticei<  between  tbe  fiberp;  and  itccond,  by  absorp- 
tion djreetly  into  tbe  substance  of  the  fibers.  The  moisture  held  in 
the  inti-nttices  given  the  Mnxatinn  of  dampness  or  wetnes*  and  cnu  be 
lately  removed  by  pressure,  as  in  wringing;  thut  absorbed  into  tbe 
fiber  may  be  very  lar^-  in  amount  without  giving  any  :>enMition  of 
dampness,  and  it  caimot  be  expcUod  by  pressure.  The  latter  is  known 
as  hygroscopic  moiHtiirc. 

Materials  of  animal  origin  are  more  hygroscopic  thnn  those  from  the 
vegetable  world,  and  while  tbey  absorb  water  readily,  they  part  with  it 
more  slowly  by  ev»porulion.  Tbiw  it  lmp[K'ns  that  a  p<T)^>n,  sweating 
to  the  same  extent  and  under  the  same  general  conditions,  feeln  less 
sBOSation  of  chill  on  renting  from  his  exercise  or  work  when  clothed 
in  woolen,  than  when  his  dress  is  linen  or  cotton.  In  the  latter  in- 
stJinoe,  the  moisture  is  held  more  largely  in  the  intentiees,  and  the 
garment  may  Ijc  distinctly  wet  and  then  !iilherc»  to  the  skin,  which,  as 
evaporation  proiseeds,  t)eeiimes  chilled  through  rapid  abstraction  of  the 
heat  rwjuired  in  the  process ;  wherc-ii*,  in  the  former,  the  evaporation 
is  gradual  and  the  chilling  much  lees  perceptible  orquite  nnnoticeable. 
But  In-rc  iigain,  u  hygruwopic  nnvterial,  very  chisely  woven,  may  be  in- 
capable of  holding  as  much  moisture  without  imparting  the  senm- 
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tioa  of  distinct  wetneas,  as  t>im  of  n  loo«p]y  woven  siibaUnce  of  low 
hygro8co|Mcit)-. 

Materials. 

The  materials  efoploycd  in  tli«  niakinf;  of  ointhinf;  mmr  mninly  from 
the  animal  iiiul  v^ctable  worlds;  from  the  former  are  derived  the 
wools  of  various  kiiid»,  silk,  furs,  feathers  and  down,  lod  Itatber; 
from  the  liitt«r,  the  principal  dc^rivativcs  are  cotton  and  flax  (lioen), 
and,  of  lesser  impyrliuiw,  otniw,  hemp,  jutt^,  and  riibhcr. 

Wool. — Wool  of  vnrions  kinds  is  yidditl  by  a  number  of  different 
genera  of  unimuls.  That  in  commooat  use  and  to  which  the  tuunc 
is  very  generally  restricted  is  derived  from  the  shoep.  Other  luads 
include  mohair  from  the  Angora  goat,  kasbmir,  or  coithmere,  from 
tlte  Thibet  goni,  cumvl's  liair,  and  alpaca,  from    Aurlimin  fiact»,  a 

caraeloid     ruminant     of    Sontb 
Pio.  101.  America.     But  the  terms  mohair, 

cashmere,  and  alpaca  commonly 
refer  to  nottnn  and  sheep'a  wool 
imitations  ooDtuining  no  trace  of 
either  of  lhft*«>  more  expensiv* 
wools. 

Under  the  microitcnpe,  tlie  fibort 
of  wool  arc  seen  to  he  cylindrical 
and  tnitisluivnt  and  ovi-red  with 
small  imbricated  scalm  whtcli,  like 
those  of  a  fish  or  the  feathers*  of  a 
bird,  run  all  in  the  same  directioo. 
Theyare  sharpest  and  9malIe^,aod 
hence  most  nnmeTt<U)>,  in  tin-  finMtj 
sorts;  as  many  as  2.80U  and  oa 
few  OS  500  to  t)te  inch  Imve  bren 
counted  respectively  in  the  best 
and  very  inferior  kitid.i.  'Iliey  give 
to  the  fibers  the  tenacity  with  which  thoy  clinK  top'tlier  when  woven, 
and  the  readiness  with  which,  when  wet  and  subjected  to  precaure,  as 
rubbing  or  wringing,  tliey  mat  together  and  cauw  a  slirinking  of  iha 
fabric.  They  are  shown  in  Kig.  101,  which  is  drawn  from  a  ttpecimen 
of  fine  Saxony  crewel. 

Woolen  goods,  bnng  poor  oonduotors  and  mnlainiRg  moeh  enmeshed 
air,  are  the  mottt  valuable  of  all  textite<i  for  general  piirpo»rit  in  all 
climnt(^«,  iitid  jiarticiilurly  in  thoite  in  which  abnipl  wide  chongns  id 
temperature  occur.  In  very  hot  climate);,  they  arc  inferior  as  oalitr 
garments  to  eotton  and  tinen,  which,  being  bi-lter  oimluctors  and  re- 
flectors, assist  more  in  keeping  the  botly  comfortably  cool.  But  for 
undergarments,  wool  ia  muoh  better  as  a  protection  against  chilling 
after  active  exorcise,  on  account  of  its  hygroscopic  properties  ;  the  vapor 
from  the  body  is  eondenited  and  absorbed,  and  the  heat,  which  becomes 
latent  when  tJte  moisture  is  v&pori»Ml,  is  set  free,  aod  the  evapora- 
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tioo  from  the  fabric  to  Uie  external  air  proceeds  slowly  and  without 
the  cliilling  eflfiot  olwcrvwl  when  one  sits  in  (<linf;ing  wel  potwn  or 
linen,  which  ft-cU  cold  in  propwrtioo  to  the  rapidity  with  which  it  dries. 

WoolcD  fabrics  are  much  fluhject  to  adulteration  with  cotton  and 
other  cheaper  niatvriaU.  What  are  known  as  flannelettos  are  very 
commouly  made  wlioUy  of  cotton  or  with  a  very  small  percentage  of 
wool,  though  the  mime  ii»  int«iidcil  to  convey  tlic  idea  that  wool  is  tJie 
sole  or  chief  material  used.  What  some  are  pleasc<i  lo  designate 
*' sanilar}-  Hnnnel"  is  often  largely  or  wholly  cotton.  Sho«I<)y  is  « 
fabric  made  with  varying  proportions  of  old  ravelled  woolen  and  other 
clothtt  with  a  minimum  of  new  wool.  It  has,  m  may  be  xupjwsed,  a 
much  inferior  teni^ilc  vtrvngth  and  less  uniformity  of  le.vttirc  than 
wooU-ii  of  good  quality. 

Silk. — Silk  is  the  spun  fiber  produced  by  a  number  of  species  of 
insecla,  especially  the  larvie  of  the  bombycid  moths,  called  silKworm^, 
to  form  cwmuw  or  |)n>t*'otive  oovorinp*  when  alxiut  to  assume  the 
chryi^is  i^lage.  The  cocoon  in  which  the  chrysalis  is  killed  yields  an 
exceedingly  (xnv  thread,  consisting  of  two  iifjf{hitinatcd  filiimcuts.  This 
thread,  when  unwound,  measures  over  two  milcfl  in  leugth,  and  when 
spun,  yields  in  the  neighborhood  nf  iiOO  yar<l8  of  silk  thread.  The 
outer  pnrt  of  the  cocoon  i»  of  inferior  quality  and  is  known  as  floes. 

Silk  i^  very  hygroscopic.     It  is  a  jK>or  lieat  conductor  and  a  perfect 
non-contiiiclor  of  Hcctricity.    It  has 
a  great  affinity  for  aniUn  and  otlier  F'o-  103. 

dyeti. 

Under  the  microscope,  the  fibers 
appear  as  .itruetureleas  tul>efl  and 
show  no  scaler  or  surface  markings, 
Huch  as  are  seen  on  wool.  They 
nrv  represented  in  Fig.  102.  Ke- 
fore  being  woven  into  fabrics,  silk 
is  couimoiilv  weighted  with  salti* 
of  tin  and  iron,  with  which  it 
forms  Mable  chemical  compounds. 
Weighted  silk,  stibjectcil  to  the  ac- 
tion of  a  IJunsen  flame,  parts  with 

its  organic  oonstituciits,  but  rdniiis  siiicubtni. 

ita  siructural  ap|)earaDce. 

Silk  is  very  subject  h>  adulleratioo  with  other  fibers  and  to  complete 
substitution  by  artificial  preparations.  One  form  of  artificial  silk,  tn- 
veiitnl,  in  1884,  by  a  Frenchman,  Count  Churdonnet,  is  made  from  pre- 
pared cotton  or  wood  tibfr.  It  powcsses  a  very  silky  luntre  and  was 
•I  first  very  inflammable  and  even  explosive,  being  practically  nitro- 
oellulose;  but  later,  the  product  wa.*  subjected  to  furtlier  chemical 
process  and  made  barmleas.  Another  form,  inveiitwl  by  Fremery  and 
Urf«in,  is  made  frrjm  Cfiiton  wa,-«ie  and  is  produced  much  more  cheaply. 
Still  another  form,  invented  by  Professor  Hummel,  uf  I.<-eds,  is  made 
from  gelatin  at  an  ex[M-n8c  of  about  $1.15  per  pound.     It  has  a  low 
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tensile  strength,  but  can  be  employed  in  a  mixture  with  genutDe  nlk 
or  fine  Hncu  nr  cwtton  thread  to  niake  a  clunible  fabric 

Silk  is  used  cbivfly  in  the  manuEucture  of  silks,  satins,  velveta,  crape, 
and  pltiHh. 

GottOQ- — Cotton  is  tlie  ttoA  woolly  fibers  appendant  to  the  seeds  of 
tlu;  ciitton  plaut  (Oaaypiumy,  oonaUling  of  cellulose,  and  varying  in 
Icn]^  from  a  half  to  two  inches.  It  is  oontainod  with  the  seeds 
within  the  boll,  which,  when  ri|>e,  hursts  open  and  allows  it  partially  to 
vacape.  Micmsoi>picaIly,  the  liltcrs  apptnir  flattcmil  ami  twisted  ;  ibev 
have  somewhat  thickened  borders,  and  some  show  a  centra)  canai. 
They  are  shown  in  Fig.  10.1.  They  are  frwd  from  the  seeds  by  the 
cotton-gin,  then  ciciined  and  spun  into  thread  and  woven  into  fabrics 
of  various  kinds,  iocUidiug  wha[  i.tcotnnwnly  known  tii< "  ci>tton  cloth," 
etn-t^'tin^,  towelling,  jt-an,  drill,  and  othefK.  For  the  purpose  of  ^ving 
weight,  stiffiiess,  and  improved  appcarmnoe,  starch  and  other  materials 

Pia.103. 
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are  oommonly  employed  iu  finishing.  Cotton  is  employed  also  with 
wool  and  other  materials  as  an  adulterant  or  to  combine  the  nxcM 
properties  of  each,  a;^,  for  example,  in  merino,  which  is  much  used  in 
tlic  maimfacliire  of  nndorclotliing  and  stockings.  Cotton  is  very 
durable  and  hard,  has  low  hygroaoopiciiy  and  high  lieut  conductivity, 
docts  not  shrink  in  washing,  and  is  particularly  adapted  as  a  niatenal 
for  outer  garments  for  hot  weather, 

Iiinen. — Linen  is  »  fabric  woven  from  the  sofl  silky  fiber  obtained 
from  the  outer  covering  of  the  stalks  of  the  flax  plant  (Linttm  uaUali*- 
mmum)  which  arc  allowed  to  rot  iirilil  the  )>n))K-r  singe  of  deeompositioD 
is  attained,  when  they  are  beaten  jind  wiriled.  They  yield  about  a  six* 
t«cnlh  of  their  weight  of  fiber.  .MiiTosoopically,  the  fibers  appear  asi 
cylinders  marked  at  regular  intervals  by  striie  indicating  cell  <IiviHoni. 
(Sec  Fig.  104.)  Twisted  into  thread,  tJ>ey  are  used  in  weaving  variou* 
fabrica  known  as  Itnen,  cambric,  damaak,  diaper,  lawn,  and  huekabadc. 
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Linen  ^joods  are  smooth  and  luatroua,  heavier  than  cotton,  durable  and 
hurd,  of  low  liygrowxifiicity  nnd  liigli  lu-at  wtidiiclivity.  Tln'y  »«: 
especially  suited  for  shirtings,  sheetings,  and  outer  garments  for  hot 
clininl^». 

Knbb^r. — India  rubber  is  a  product  derived  from  the  milky  juice 
of  variiKi.i  troplml  [ilnntji.  It  is  soluble  in  ether,  iiiigititlm,  chloroform, 
and  cnrboD  <lit^lll|)bid<.^  Its  elusticity  is  impaired  and  destroyed  by 
long  exposure  to  the  air  and  by  extremes  of  atmospheric  temjwrature, 
but  is  mndc  lasting  by  the  addition  of  a  small  amount  of  Eulphur  in  the 
process  known  as  puicaniting, 

disoovcml     by     (ioodyeur     in  Kki.  104. 

1844,  This  process,  in  addition, 
ensun-M  iner«iM<d  durability, 
flexibility  and  impermeability 
to  air  and  moisture.  To  the 
latter  quality,  rubber  owes  its 
extensive  employment  in  arli- 
clea  of  dress,  including  galoshes 
and  other  foot  coverings,  and 
outer  garments  made  of  rubber- 
sheeting  or  waterproof  cloth, 
knuvrn     am     muoiiinto^b.      The 

latter  is  made  by  applying  a  solution  of  niblx-r  in  successive  layers  to 
cotMn  or  other  fnbrir,  so  that  it  shall  be  made  impermeable  to  water. 

Rubber  garments  are  a  very  useful  protection  against  wind  and  rain, 
but  are  objpctioiiable  on  the  score  of  being  hot  and  confining  the 
waterj-  vapor  given  off  by  the  skin,  tlius  bringing  about  n  condition  of 
great  discomfort.  They  should,  therefore,  be  ventilated  as  much  as  is 
practicable,  especially  if  worn  in  moderate  or  warm  ti^'mperaturcs. 

Ciothmg  can  be  made  waterproof  and,  at  the  same  time,  permeable 
to  air,  by  a  number  of  jirocttssi-s,  and  such  material  has  an  obvious  uU 
vantage  over  ordiiuiry  mackintosh  and  other  impermeable  fabrics. 

Leather. — leather  is  the  skins  of  animals,  chietly  the  ox,  calf,  horse, 
sheep,  and  goat,  prepared  by  tanning  an<l  tawing.  In  tanning,  the 
akin  is  soaked  in  vats  containing  an  infusion  of  oak  bark  rich  in  tannic 
a(^i<],  which  causes  the  formation  of  tougli  insoluble  (annates  of  tbe 
gelatinous  and  albuminous  constituents  of  the  skin,  In  tawing, 
mineral  astringent.*  are  u^  instead  of  oak  bark  ;  the  end  i»  more 
quickly  attained,  but  tbe  product  is  of  inferior  quality.  Afler  the 
process  of  tanning  or  tawing  is  completed,  the  skin,  now  tough  and 
•tiff,  is  subjected  to  a  series  of  proorwes,  eollcctively  known  as  curry- 
ing, whereby  it  is  made  soft,  smooth,  pliable,  and  ready  for  use, 

lA'atlicr,  being  hygroscopic,  tiikea  up  perspiration  from  the  foot  and 
gives  it  oiTto  Uie  outer  air,  but  if  it  is  made  impermeable  as  in  the 
cABe  of  the  ao-(»llcd  "  [nt4>»t  leather,"  the  latter  office  cannot  be  por> 
(bmiod.  That  the  perspiration  of  the  foot  is  given  off  through  the 
boot,  U  solllrienlly  proven  by  the  dampness  and  dull  appearance  of  the 
teatl>er  of  a  well-polished  boot  after  hnlf  a  day's  confinement  in  a  ruh- 
46 
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Iter  overshoe.  Though  perrocnbtc  to  this  vxtinit,  leather  is  safBcirall^ 
waterproof  for  ordinary  U8e  aiid  can  he  made  more  »a  by  the  cxterns) 
application  ot  gccafv. 

Fur. — Ftir  &»  a»  artide  of  clothing  presents  the  great  adx-nnt^  of 
impermeabiliiy  to  wind  with  thai  of  v«fy  low  heat  oooductivity,  due 
in  grcAtest  part  to  the  large  volume  of  air  retained  betwc4-n  the  hairs. 
No  otlier  kind  of  iDulerial  is  conijvirable  «»  a  protection  Hgain.st  wiixj 
And  <.-old. 

Felt. — VfM»  are  made  from  tlie  hnirs  of  variotM  animals,  but  tb^^ 
best,  such  as  are  umhI  for  hat«,  both  soil  and  stilT  (the  Derby,  for  e]^| 
smpU-),  are  made  from  the  haira  of  liie  cony.  They  art-  nuide  withoo^* 
weaving,  the  liaint  being  blown  against  a  rovotving,  perforated,  mHallic 
coneof  large  §!»,  connected  with  an  exhaunt  blower.  WIk-hm  thin  coat- 
ing lui»  foniiwl,  a  jel  of  »t*-am  ii^  dirwiteil  agiiinift  the  cone,  and  th«n  tli^^ 
felt  in  its  first  stage  is  stripped  off  in  a  coherent  ma-^-*,  JichJ  togetb^H 
by  t!te  minute  imbrienlioit^  on  the  individual  haire.  By  mea»<)  of  fg?^ 
ther  processes  of  steaming  and  steeping,  the  mass  ia  reduced  in  size  and 
incrt?a«ed  in  wall  thiebnerts  through  shrinkage. 


Adulteration  of  Olothin; . 


Fabrics  are  much  subject  to  adulteration  by  admixture  of  fibe 
lower  value,  a»  of  ootton  or  shoddy  to  wool,  and  by  starch  aud  miDenI 
matters  to  give  wdghu  Many  of  the  cheapest  of  cotton  fabric?  arc  w 
heavily  xiited  that  a  single  waaliing  will  convert  a  stiff  apparently 
close-woven  piece  of  goods  into  a  worthless,  course,  6imHy  material  fit 
only  for  sievea. 

Obemical  as&lysU  of  fabi'Ii.>j<  is  not  always  to  be  relied  upon,  al- 
though tillers  of  vegetable  origin  behave  very  differently  from  those  from 
the  animal  world ;  and  any  attempt  on  the  part  of  an  inexperienced 
person  to  determine  the  [lercentage  of  different  kinds  of  fiber  in  a  mix- 
ture is  »ure  to  lead  him  ti>  two  conHuwou*,  tmmcly,  tluit  he  has  wasted 
his  time,  and  that  much  of  what  has  been  written  concerning  live  be- 
Iwvior  of  different  fibers  when  Inhaled  with  strong  chemicals  is  rt- 
markablc  mily  for  it«  Bnialj  mciisure  of  truth. 

Microscopical  ezaminatiOD  itt  a  far  .simpler  and  much  more  satis- 
factory method  <if  determining  tlie  composition  of  a  fabric.  A  few 
tlirciids,  teased  apart  and  examined  with  a  moderately  high  power,  will 
reveal  the  nature  of  the  lllK-n*  and  yield  a])pri>3(inuilely  accurate  quan- 
titutive  results.  >Shoddy  commonly  shows  fibers  of  wool  of  diffoKol 
flhadea  of  color,  but  thia  finding  w  hy  no  menn.«  to  be  acovpted  as  con- 
clusive evidvnw  that  a  six-eimen  of  fabric  under  examination  is  «hoddv, 
since  only  plain  goods  of  a  solid  color  yield  fdiers  all  of  one  shade- 
But  if  the  fihcrit  slimv  abrupt  changes  in  diameter  and  partial  obliter- 
ation of  the  imbrications,  it  may  be  safely  ooDcliided  that  llic  specimeii 
is  shoddy,  since  fresh  wool  is  fairly  r^ular  in  diameter  and  showi 
sharply  marked  imbrications. 

Poisonous  Dyes.— In  tlie  dyeing  of  textiles  and  other  articles  of 
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ting.  A  great  variety  of  siiImIjiiiooj*  ufvef^tHblv  »n<l  minrrul  origin 
p(l.  and  umuy  of  thciii  hnvv  been  known  to  produce  serious  re- 
«iill/4.  AmoDg  them  may  be  luuiitioned  |iolassiiim  dlcliromate,  zinc 
chloridu,  compoiimls  of  unK'ntc  iind  antimony,  iind  certain  of  the 
aniliiiH.  An  outbreak  of  'AA  cast'tt  of  acute  dermatitis,  oociirring  among 
■  number  of  workman  who  had  just  donned  new  overcoaee,  is  reported 
by  Taunton.'  On  the  firht  wet  day,  when  the  coaU  wt-re  worn,  the 
wrisl!«,  where  ibey  eiinie  in  contiiet  with  the  e*lRes  of  the  wet  sleeves, 
became  inflame*!.  In  one  case,  the  legs  were  iiimitnrly  affected,  the 
trou«T»  Iwing  wet  and  rubbed  afrain^t  by  the  *kirt.  In  three  enses, 
tile  arms  were  affected.  On  soaking  the  cloth  in  water,  it  yielded  free 
jiinc  chloride. 

A  far  mon?  serious  case  of  poisoning  by  anilin  black  is  quoted  by 
(lanjij:'  from  a  rejMirt  of  I^nanuity  and  Krouardel  to  the  Academy  of 
Medieine  of  Paris.  A  child  of  17  monthti  became  suddenly  uneon- 
»oiouaand  apparently  asphyxiated,  and  though  restored,  remained  very 
ill  for  4J<  hours.  Tlicn  the  brother  of  the  child  and  a  number  of 
other  children  were  seized  in  the  same  way.  All  of  the  victims  wore 
sliocs  which  (pivc  oft"  »  peculiar  peut'trnting  tidor  and  were  found  to 
have  been  dyed  with  anilin  black.  Animal  esperinientation  proved 
that  ab40f[)tion  of  thi^  by  the  itkin  may  brin)r  about  alterntion  of  the 
blood  corpuselea  and  uspbyxia,  and  is  favored  by  heat  and  moisture, 
which  eonditionii  are  present  in  a  tightly  laced  shoe. 

It  is  commonly  believed  that  arsenic  in  dyed  and  printed  textiles  is 
present  a.^  an  accidental  impurity  of  varioii<i  anilinii,  but  this  is  far  from 
being  the  truth,  since  white  arsenic  itself  is  uswl  in  several  processes  for 
the  purjMJse  of  adding  brilliancy  to  the  colors.  Thus,  in  the  so-called 
arsenite  of  alumina  proccJK*,  the  dye,  dissolvwl  in  acetic  ucid  or  water,  is 
mixed  with  acetate  of  aluminum  and  white  arsenic  in  glycerin,  and  th« 
mixture  is  employed  m  j)rinting  the  patt^-rn  ;  next,  the  printed  fabric 
is  subjected  to  moist  heat,  and  the  anilin  in  combination  with  the  arsen- 
ite  of  aluminum  formi-d  is  lixed  in  the  fibers  in  an  inKolublc  form. 

Selection  of  Glothing. — ^Thc  properties  of  the  various  malcriala 
u.^d  in  the  manufaci ure  of  textiles  have  been  already  given  in  ftome 
detail,  and  further  consideration  of  tinderelothing  and  outer  garments, 
beyond  a  word  of  caution  against  unnecessary  weight  of  clothing  and 
undue  ccinslrietion  of  any  [mrt  of  th«  body,  is,  thereturc,  unnecessary. 
In  the  matter  of  constriction,  no  part  of  the  human  body  is  so  abused 
a»  thir  font,  («|>ecially  that  of  woman.  BtMitj^,  shoci*,  and  stockings 
should  fit  the  foot  and  there  should  be  no  such  thing  as  the  agony 
which  many  people  expect  as  a  matter  of  course  in  the  proci^ss  of 
"  breaking  in."  The  toe  should  be  neither  pointwl  nor  cut  square,  nnd 
the  whole  sole  should  follow  the  natural  outline  of  the  foot.  The  sole 
alrould  project  a  r^ttsonahle  distance  from  the  upper,  in  order  to  give 
firmer  support  and  increased  jirotection  to  the  soft  parts  from  contact 
with  loom  stones  and  other  objects.     The  heel«  should  be  low  ood 

■TKf  Lknet-I,  DvccraW  li,  189S. 
■  Lk  Nature?,  AiiguHt  i,  1900. 
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broad.  High  heels  are  worn,  not  for  comfort  in  walking,  but  to  increBse 
the  height  of  the  body  and  diminish  the  apparent  lengtb  of  the  foot. 
For  purposes  of  sucoessful  deoepdon,  they  take  about  equal  rank 
with  hair  dyes  and  artificial  complexions.  Their  use  oooduces  to 
weakness  of  the  arch,  atrophy  of  the  muscles  of  the  1^,  and  a  variety 
of  other  abnormalities.  The  heel  of  the  foot  should  fit  snugly  in  its 
place  within  the  shoe,  but  the  toes  should  have  suSGcient  room  for 
freedoni  of  movement,  yet  not  enough  to  cause  chafing  and  ezcoriatioDg, 
The  upper  should  fit  snugly,  but  not  too  tightly,  about  the  ankle  and 
over  the  instep ;  otherwise,  the  foot  will  drive  forward  and  cnmp  the 
toes. 


CHAPTER   XVI. 


VACCINATION. 


Pbcihi  to  the  discovery  of  vaccinntion  by  Jenner,  toward  (he  close* 
of  the  tig  1 1  t*c  II  til  pwilury,  smallpox  was  one  of  the  principal  scourges 
of  the  world.  It  killed,  on  an  avcrn^,  iieiiHy  liBlf  a  iiiilli<in  people  in 
Europe  alone,  and  about  onoe  iu  three  years  was  more  than  ordinarily 
sever?.  In  England,  Germany,  France,  Sw«den,  and  other  countrii^s 
of  Europe,  the  yearly  mortality  from  smallpox  was  about  two  thousand 
pcrmillion  inhahituuU.  More  than  halfthecaneH  of  blindness  throngb- 
out  Europe  were  attribute<l  to  (he  disease,  and  about  a  third  of  the 
population  sliowed  in  their  fuc<^  evidences  of  having  had  it. 

It  was  well  known  that  those  who  rc<x>vered  enjoyed  protection  from 
reourrentio  of  the  disease,  and  i»onsequently  it  had  long  been  the  prac- 
tice to  produce  immunity  by  causing  the  disease  intentionally  by  in- 
oculation when  it  prevailed  in  a  modified  form,  favorable  to  recovery. 
For  more  than  a  thou«tn<]  years,  the  Chinci*e  and  other  Eastern  peoples 
had  produced  the  disease  by  blowing  dried  smallpox  matter  in 
powdered  form  int/j  the  nOBtrils  The  discovery  that  the  inoculatioa 
of  material  from  a  smallpox  pustule  was  more  certain  and  quick  in  its 
resulu  led  to  the  widespread  practice  of  inoculation.  This  was  begun 
in  England  in  IT'JI,  and  towards  the  end  of  the  century  was  very  ex- 
tensividy  practiced  ;  and  even  after  the  discovery  of  the  beneficent  re- 
sults of  vaccination,  was  practiced  to  a  certain  extent,  until,  in  1840, 
it  waa  prohibitetl  by  law. 

Jcunor  discovered  that  a  pustidnr  diswiso  of  cows,  when  transferred 
by  inoculation  to  human  boioga,  produced  an  immunity  to  smallpox  in 
apparently  the  name  way  as  the  imwulntion  of  the  rt-ol  disease.  In 
May,  11^6,  he  performed  his  first  suc^eHsful  vaccination.  After  some 
very  .ttrong  oppiiHirion,  intelligent  people  began  to  adopt  the  practice, 
aud  the  uneducated  classes  l>egan  to  fall  gradually  into  line.  The 
praotioc  wa.t  adopti^d  in  America,  France,  Germany,  and,  in  fact,  the 
entire  eivilizod  world,  and  everywhere  proved  to  be  of  the  greatest 
benefit.  In  1S02,  the  Engli.ih  Parliament  awarded  Jenner  4,000 
pounds  sterling,  and  later,  a  still  larger  grant  was  made. 

In  this  country,  the  practice  waa  iirst  followed  by  physicians  in  and 
about  Boston.  In  I80't,  Thonuw  JflTorson,  who  was  the  firet  to  intro- 
duce the  practice  in  the  South,  wrote  to  Jenner,  "  You  have  erased 
from  the  eidemhir  nf  human  af11i<riions  one  of  it«  greatest.  Yours  is 
the  comfortable  reflection  that  mankind  ean  never  forget  that  you  have 
lived.  Future  nations  will  know  by  history  alone  that  the  toathmme 
smallpox  has  existed,  and  by  you  has  been  extirpated." 
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In  EngUnd,  Uie  moruJity  rate  fell  during  tbc  period  of  penniaaive 
vaocioatioa  from  about  2,000  to  417  ;  in  1850,  vaccinatioD  -was  made 
compul»orv  aad  the  rule  then  fell  to  53.  During  tlii.<  third  quailcrof 
the  seventeenth  centurv,  the  average  annual  deaths  from  smallpox  per 
million  inhabilanta  in  London  vnn  4,0(>0  ;  a  hundred  years  later,  be- 
tween 1770  and  1780,  it  was  over  5,000 ;  in  the  firet  years  of  vaoci- 
nation  it  was  over  2,000 ;  by  the  middle  of  ibe  nineteenth  century  it 
bid  fiillcn  to  altout  -iOO,  and  in  Ibe  la«t  dticudr  uf  tjic  century,  to  less 
tliaa  75.  In  Sweden,  the  mortality  from  Hnmllpox  wss  even  greater 
than  in  Englund,  but  b<-fore  1917,  when  vaccination  became  oompul- 
sorv,  tfa«  rate  had  fallen  to  480,  and  ainoe  then,  to  about  150.  In 
PnoNa.  toOf  the  mortality  «ra«  over  2,000,  but  fell  during  the  period 
of  permissive  vaccination  to  about  -tOO,  and  since  being  made  eompul- 
aotT  after  tbe  epidvmic  uf  1870-71,  it  lias  virtually  diwipiH-nn-d. 

In  al)  eountries  where  vaecinntioii  hnf,  at  diflerent  periods,  been  op- 
tional and  then  required,  a  remarkable  drop  has  occurred  both  in  nv>i^ 
bidiiy  and  mortality  rates,  and  those  eountritw  in  which,  to-day,  vacci- 
nation is  not  eompulsiiry,  suffer  periodical  visitations  of  (be  di»H-aM- 
and  Wmc  thousands  of  livcft.  In  lHft9,  for  in^laiui,-,  tbe  death  rate  from 
smallpix  in  Spain,  wh«fe  vaccination  was  not  compulsor>-,  was  itearly 
as  gmU  as  obtained  a  century  before  in  the  princi^Mil  countries  of 
Eunpe,  while  in  the  same  year,  in  Germany,  the  disease  was  praciieally 
non-existent.  In  Ftmnce,  vaocinalion  is  not  compuWry,  and  in  the 
twenty-five  years  fifom  1870  to  1895,  over  20,000  people  died  from 
smallpox  in  Paris  alone,  tlie  epideoiicBof  1871  and  1872  being  excep- 
liooally  *evere  and  fatal.  No  epidemic  has  occurrtd  in  Gcnnany  since 
1871,  wb«n  the  discow  woji  brought  iu  by  French  pri.'M>nen<,  though  a 
few  yntlered  cases  have  occasionnlly  nppeiired. 

In  spite  of  tl>e  remaricable  testimony  oonoerning  tbe  value  of  vac- 
eination  in  making  a  rartly  of  what  wna  once  one  of  the  principal 
weonrgn,  there  are  in  this  country-  and  others  where  laws  compelling 
nocination  have  been  enacted,  nunierouit  mi^^uided  individtuiht  who 
bmd  themselves  toother  into  ant i-vncci nation  leagues  and  attempt  to 
enate  a  (>op«ilnr  aiilagi>iii.4m  lo  the  pnietice  and  to  efletrt  tlie  repeal  of 
•xialMig  kws.  In  England,  they  liave  already  been  partially  sueceea- 
fU  to  compelling  tbe  passage  of  a  law  which  exempts  partrutj*  who 
kin  "  oonscienttous  scruples  "ngninst  having  their  childrrn  vaccinated. 
la  prapwnve  Japan,  where  tbe  government  has  decided  to  compel 
<  atiJMlinii  after  lite  age  of  ten  iDonlhi*  and  revaccirtalion  »t  the  age 
of  six  and  again  at  twelve,  the  anti-vaccinationiat  is  unknown. 

It  eannot  be  claimed  that  vaccination  confers  absolute  immunity 
Ijijin  smallpox,  but  it  is  trtio  that  those  who  have  been  vaccinated 
mmI  ihra  acviuire  tbe  disease  have  it  in  a  much  milder  form  and  are 
VM*  Uk«ty  to  rrcoiTr  than  thmse  who  have  nut  bc^'ii  vaccinated.  In- 
KUli^iatina  of  11,036  cases  of  smallpox  in  England  showed  that,  far 
^T»criMird  «xk]  1,-acanated  csi»eft,  the  nites  of  mortality  were  n«p(«- 
Wpvht  M.S  and  5.2  per  cent.,  and  that  for  all  cases  in  children  ander 
Wa^  «■  ■IMD''^'  resp^tively  3G.2  and  2.7  per  cent.     Among  tboM 
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stricken  during  the  epidemio  at  WarriDgton,  Rnglsiid,  in  1891-92, 
21.8  per  cvnU  of  the  ciwes  in  viiooinat«(]  pereonn  were  confluent,  while 
among  the  uDvaccioaUKl  cases,  the  ]>ercentago  was  70.6.  In  the  Shef- 
field c[)idi;iiiii.'  uf  ISST-fftt,  l./^.j  per  cent,  of  vncciDiiti-d  and  9.7  of  un- 
vscciuated  persona  were  attacked.  Among  the  former,  the  death  rate 
wm  0.7,  aiid  among  the  Iatt<*r,  -18  per  thoiisimd.  Among  children 
under  10,  Uie  rate  of  attack  waa  o  and  101  per  thousand  respectively 
for  vacvinnt>.-<l  and  nDvacciniiled,  and  the  death  rate  was  0.09  and  44. 

The  protection  conferred  by  vaccination  is  greatest  during  the  year 
suoi^<«ding  the  operation,  and  appeare  iv  dimiiiii<h  gradually  during  the 
succrodittg  five  or  six  years ;  but  the  modifying  power  does  not  di- 
tniniah  equally  fast.  The  protective  influence  can  be  rt-('.stahlii«h(-d  by 
■  rv]K'tition  of  the  operation,  and  during  epidemics,  or  when  about  to 
vihit  countries  where  vaci-inatiun  is  not  practiced  and  !Hmall}M}x  is  en- 
demic, rcvacciuutioD  is  always  advisable.  If  tlic  opcratiou  \»  negative 
in  itA  resultti,  the  individual  is  regnrde<l  sa  immune  or  partially  pro- 
tected, but  in  the  case  of  a  first  vaccination,  it  is  custoiriury  to  n;]>c3it 
the  operation  until  success  is  attained.  In  most  civilized  countriea, . 
vnccinutiuu  is  not  postponed  until  an  outbreak  of  smnllpox  occurs,' 
but  is  attended  to  in  the  first  few  months  of  life. 

Successful  primary  vaccination  within  three  days  after  exjioiiure  to 
existing  cases  of  smallpox  will  prevent  the  development  of  the  disease, 
and  u^  late  its  the  tifih  or  sixth  day  will  either  prevent  or  modify  ULJ 
attack.     This  fact  has  been  utilized  in  many  cases  where  smallpox  bas' 
broken  out  among  unprotected  people  with  a  prospect  of  unlimited 
spread,  and  has  been  the  means  of  stopping  epidemics  with  some  sud- 
denness.    Thus,  for  example,  at  Gloucester,  England,  in  1805,  after 
eight  years  of  pradiral  abaudonmcut  of  compulsory  vacciuutiun,  that 
is  to  say,  of  neglect  on  the  part  of  the  authorities  to  enforce  the  law, 
an  epidemic  of  smallpox  occurred  in  what  was  pnictic«lly  an  unvac- 
einated  community.     The  cases  increased  at  such  a  rate  that  great 
alarm  was  felt  and  extensive  measures  were  taken  for  general  vaccina- 
tion.     In  the  closing  weeks  of  18!to,  31  cases  occurred.      In  January,. 
28  more  were  re|H)rIed.     hi  Kebruary,  the  numl>cr  suddenly  increased' 
to  146,  and  during  March,  to  644.     Toward  the  last  of  that  month, 
the  authoritiea  gave  dirMtion^  for  enforcement  of  the  law,  and  work 
was  begun  ;  hut  during  the  following  ntonth,  no  less  than  744  cases  oc- 
curred. 

During  the  last  days  of  April,  a  committee  undertook  general  vac* 
cinatioD  of  the  city,  and  within  a  very  few  days,  every  house  had  been] 
visited  ;  by  tlic  end  of  June,  the  city  had  Iteen  converted  from  a  prac- 
tically nnvaccinated  city  to  the  l»est  vaccinated  in  the  country.  Nearly 
.TG.OOO  i>er">ns  were  oi>eratwl  iipiii ;  the  epidemic  began  at  onoe  to  de- 
cline, and  before  August  had  disappeared.  Nearly  4-'>0  pennons,  how- 
ever, had  died,  and  1,600  others  who  survived,  bore  the  usual  la.stiug 
e%'idpncc  of  tlic  disease  in  their  faces. 

As  showing  the   inlluence  of  re  vaccination,  the  following  figtireil 
ftx>m  a  study  of  the  statistics  of  the  Slieflicld  epidemic  arc  presented : 
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Similar  &*!*fl  are  yielded  by  investij^tion  of  all  pf>i<)pinic«  whfl 
there  is  a  large  claw  of  vacoinaUHJ  im<l  miotli^r  of  mi\-accinated  per- 
800S,  and  yet  aoti-vaocinationiats  atiU  agitata?  and  find  sympathetic  lU- 
tcoers  to  tiicir  ar^unittiils.  One  of  their  favorite  charges  is  that  vac- 
cination Dot  only  has  had  twtbin^  to  do  with  the  decline  in  the  amount 
of  smallpox,  hut,  on  the  eontniry,  pwt»  rise  to  other  diseasee. 

It  !e^  indeed,  true  that  syphilis  has  been  oonvcyed  from  one  to  an- 
other through  Uie  pnu'tioc  of  vaccination,  bat  at  the  present  time  the 
danger  is  practically  nil,  since  arm-to-arra  vaccination  iias  fallen  into 
dinuite  ;  but  while  the  arm-to^arm  pnutice  was  continned,  there  were 
oocnsiomil  instance?'  of  grave  injury.  Thus,  some  yearn  niuce,  it  hap- 
pened that  a  company  of  French  infantrj-,  prior  to  being  sent  to 
Algiers,  wiw  v-Hccinnted  by  the  arni-to-orm  im'thwl  and  very  many  of 
the  men  were  thereby  inoculated  with  syphilis. 

Parents  arc  prone  to  ascribe  to  vaccination  every  di.<tturbance  which 
a  child  may  suffer,  particularly  if  there  be  any  cntancon«  cniplton. 
Sometime!*  a  vesicular  or  ptii'tular  m»h  may  occur  and  spread  from  the 
vaccinated  arm  to  other  parts  of  the  body ;  eoraetimra,  ery«ip<-lHs  and 
Other  infcciioQA  oeciir  at  the  {mint  of  vaccination  ;  but  these  are  no 
more  likely  to  occur  as  a  result  of  \'accination  than  of  any  other  inter- 
ference with  the  integrity  of  the  skin.  Persons  of  dirty  habits,  living 
in  unclean  surroundings,  are  more  likely  than  others  to  sufier  from 
ulceration  of  the  vesicle  and  from  other  local  disturbances  not  due  to 
the  rnllucnec  of  the  virus  itself  At  the  pre«nl  time,  imttead  of  usii^ 
crustfi  and  arm-to-arm  ^-accination ,  lymph  is  collected  on  the  sixth  ilay 
after  inoculalion  of  the  calf  and  is  mixed  with  water  and  glycerine 
and  stored  in  small  vials  with  all  antiseptic  precautions.  The  glycer- 
ine not  only  does  not  injure  the  lymph,  but,  on  the  contrary,  appears  to 
increase  its  ptiwer.  The  yield  of  lymph  from  one  calf  is  suffieieot  to 
prepare  enough  glycerinated  lymph  for  at  least  4,000  vaocinations. 

In  revneeiriation,  if  the  individual  haf  In-C'tnie  again  wlvolly  sus- 
ceptible, the  local  manifestations  occur  earlier  than  in  the  primary  nc- 
oination  and  the  genend  symptonu  arc  usually  much  more  marked. 


Other  Preventive  Inoculatioiu. 

It  was  nearly  one  hundred  years  after  the  first  operation  of  vaccina- 
tion by  Jenner  befon'  any  progrcw  was  made  towani  the  conferrii^  ot 
immunity  from  other  diseases  through  similar  means.  In  1880,  Pasteur 
discovered  accidentally  that  chickens  a.>uld  be  rendered  immune  to 
chicken  cholera  by  preventive  inoculation,  and  it  was  thia  work  which 
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led  Haffkinc,  in  1890,  to  the  discovery  of  preventive  inoculation  for 
Asiatic  cholera.  He  firflt  experimented  on  himself  and  then  made 
70,000  iiijootioiiM  on  over  40,000  pi'oplc  in  India  within  a  period  of 
two  years.  By  inoculating  only  a  part  of  any  given  population  where 
cholem  was  nipng,  \w  wiw  sure  of  ii  control  by  which  lie  could  jiidnc 
of  the  value  of  the  work.  The  rate  of  attack  among  those  inoculated 
felt  to  about  one-twentieth  and  the  mortality  in  nbont  the  same  proiwr- 
tion.  Preventive  inoculation  has  been  very  extensively  tried,  and  gen- 
erally with  at  IcAiit  fair  results. 

It  i]i  to  Haffkine  also  that  the  prophylactic  treatment  for  bubonic 
plague  \9  due.  He  diAcnvered  that  immunity  could  be  attained  by  in- 
jecting dcnd  cultures  of  the  !<pccificoi^nism.  The  dead  bacteria  them- 
Belves  without  the  culture  medium  excite  a  marked  local  reaction  with 
slight  eonstilutional  disturbances,  and  injection  of  the  culture  medium 
from  which  the  dead  bacilli  have  been  removed  causes  tlie  opposite 
effect.  In  pranliee,  the  entire  steritiwMl  culture  in  employed.  While 
the  treatment  appears  lo  confer  some  degree  of  immunity,  the  duration 
of  immunity  \ft  thiiA  far  unknown. 

According  to  a  report  of  tlie  PlagiieCommissionersinlndia,  of  4,296 
peraona  inoculated  once,  only  4f>  contracted  the  disease,  and  of  3,387  in- 
oculated twice,  two  were  seized.  Fifteen  of  the  former  and  one  of  the 
latter  died.  At  the  .same  time,  among  the  non-inoculated  persons,  no 
less  tlian  657  ]>er  thousiind  diwl  in  a  single  week  (the  third  w<'ek  in 
September,  ISyS).  At  Kirkee  (India)  the  plague  broke  out  in  a  small 
oamp;  671  persons  were  inoculated  and  859  were  left  unprotected. 
Thirty-two  eases  occurred  among  the  inoculated  and  I-i:^  among  the 
nninoculated.  The  mortality  among  tlio  inoculated  was  2.0.5  and 
among  the  uninoeulntcd,  11.40  per  cent.  In  another  camp,  324 
persons  were  inoculated  and  300  left  unprotected.  Fourteen  cases  oc- 
curred among  the  uninoeulated  and  none  among  those  protected. 

Preventive  serum  treatment  for  protection  of  children  in  inatitutiona 
Sgsinittdlphthcrin  ha*  been  extensively  pnicticed,  but  the  immunity  thus 
conferred  is  very  transient,  lasting  but  three  weeks.  In  a  children's 
hospital  in  which  on  outbreak  of  diphtheria  ot!curn«i.  I^ohr  '  immu- 
nized 460  inmates  and  the  epidemic  was  checked,  no  cases  occurring 
within  three  week;*  of  the  operalion.  loafer  on,  a  few  ea.<M>s  occurred, 
which  illu^^tnitetl  the  temporary  nature  of  the  immunity.  Of  99  cBMt 
of  measles  treated  because  of  the  s{iecial  danger  of  diphtherial  super- 
vention, not  one  was  attacked. 

Recently,  preventive  inoculation  again.st  typhoid  fever  lias  been  ex- 
teasively  practiced  u]Min  soldiere  bound  for  South  Africa  and  other 
countries,  but  the  reports  of  resultfi  at  the'time  of  writing  are  so 
meager  and  eontradicton,"  a-*  lo  afford  no  real  information  as  to  the 
value  of  the  practice.  As  a  matter  of  fiict,  tlie  subject  of  protective 
inoculation,  except  so  far  m  it  relates  to  smallpox,  is  as  yet  only  in  its 
infancy,  but  at  the  same  time  is  one  of  the  most  promising  fields  of 
scientific  research. 

'Johitach  fur  Kindcrhcitkundo  and  phvubcli*  Rnichung^  Sept.,  180&,  XLUI., 


Thk  public  health  requires  that  the  Ixxlic*  of  tJte  drad  shall  he  di$- 
posc«l  of  in  «iich  »  -my  a»  not  to  be  a  menaoc  to  the  living  aod  as  soon 
as  |)06sible,  with  dii«  ooiiHideratioii  of  thv  reolinf^s  of  tho«e  bemv«d. 
In  the  cii»e  of  ihone  deail  of  infc^ctiouH  diseaecs,  disposal  tihould  Dot  be 
delayed  by  »;ntiQ>ontal  oonsidentions,  but  should  be  accomplisho<I  witli 
as  little  delay  as  poodible,  on  aciwiint  of  tlii*  riak  to  which  the  living 
aiT  siibjwted  by  tW  retention  of  the  body  in  the  home. 

Concerning  methods  of  dU|n>al,  conMiU-mtion  may  bo  limited  to  the 
two  in  UM*  by  most  civilized  peoples  and  by  most  otlicrs  a^  well ; 
namely,  eartli-burial  and  cremation. 

Earth-BoruU. — Interment  of  Uie  dead  in  tlte  soil  has  ever  been  the 
principal  mode  of  disiHxtal  among  ChrUtian»,  Jcw»,  aitd  MuA«u1nans. 
Within  oompiira lively  n-cent  year?,  the  results  of  overcrowding  of 
ancient  churchyards  and  cemeteries  and  tt»e  uecewity  of  dedicating 
great  an«s  of  valuable  land  to  be  held  in  perpetuity  for  the  accommo- 
dation of  the  dead  have  brought  about  an  economic  aentimcnt  agunitt 
the  practioe,  ami  to  it  baa  been  added  a  feeling  of  danger  to  the  public 
health  from  the  deoompn&ing  tissues,  particularly  of  those  who  have 
diet]  of  infectiouit  dis«a»». 

Buried  in  soil  of  suitable  character,  a  body  gives  off  for  a  number 
of  months — six  to  nine  m.->y  be  n^nlvd  »»  rabwnable  limits — foul 
gsaes  of  decomposition  which  are  oot  evolved  in  the  later  stages.  Tlw 
rate  of  decomposition  is  influenced  not  alone  by  the  nature  of  the  mil, 
its  pore  volimic,  and  its  degree  of  moisture,  bat  by  the  character  of  the 
coffin,  the  depth  of  interment,  and  die  processes  to  which  llie  body  has 
been  subj«-ctvd  before  burial.  After  some  ycant,  the  period  varying 
within  very  wide  limits  according  to  cimimstances,'  decomposition  is 
complete  and  but  little  remains  bcMdot  boiws,  more  or  luss  crumbly  in 
obancter. 

It  is  char]ged  against  earth-burial,  ilint  the  places  u«ed  for  the  pur- 
pose are  oSensive ;  that  the  air  becomes  poisoned  ;  that  the  soil  beoooKS 
laden  with  disca^-  germs  of  all  descriptions,  which  are  preserved  in- 
definitely, aod  that  water  supplies  are  eoaverted  to  dilute  poisons  of 
great  potency  ;  that  is  to  mv,  that  cemeteries  predUpoae  to  attd  act  as 
direct  caoaes  of  disease.  As  proof,  nuraenHis  cases  which  will  not  bear 
close  scrutiny  arc  cited,  but  the  whole  mass  of  what  is  regarded  as  evi- 
dence of  the  connection  of  cemeteries  wiUi  the  outbreak  of  disernv  has 
but  little  real  weight  and  is  quite  unconvincing.     It  has  been  said,  for 


4 


4 


EABTB-BURUL. 


716 


example,  that  typhua  and  other  fevers  vtre  prevalent  in  the  immedi- 
ate nvij^hiiorhoixi  of  old  overcrowded  churebj-anls  in  London  wlicii  it 
was  customary  to  keep  disturbing  the  soil  for  new  interments,  regardleas 
of  the  nuinWr  and  oondilion  of  tUoso  ulrciidy  buriwl.  Kven  though 
the  supposed  connection  were  aujlhiog  more  than  mere  coincidence,  it 
may  be  miid  that  nothing  of  the  sort  ha»  Ihkiu  uoticed  within  recent 
years,  and  never  anywhere  except  in  densely  populated  neighborhoods, 
in  which  densely  crowdtd  oenjet*Tie»  hap[H>n  to  Iw  looattKi. 

CiMcs  of  ebolem,  yellow  fever,  scarlet  fever,  and  other  diseusea  have 
been  attributed  to  the  opening  of  old  graven.  In  one  case  oAen  quoted 
in  ail  scrioHBnesB,  «  number  of  jhtsohs  came  down  with  scarlet  fever 
supposedly  from  digging  up  the  surface  of  a  burial  ground  where, 
no  i(-m  than  thirty  yvan  U-forc,  a  ritinilier  of  virtinu  of  that  diM-ase 
hat!  been  buried.  Sir  Henry  Thompson  has  said,  "  The  poisons  of 
scarlet  fever,  enteric  fever,  smallpox,  diphtheria,  malignant  cholera, 
are  undoubtedly  tmnsniissiblc  through  earth  from  tlie  buried  body  by 
more  than  one  mode.  And  thus  by  the  act  of  interment  we  literally 
(tow  bn«idciwt  thronghnnt  (be  hind  innumerable  seeds  of  pestilence; 
germa  which  long  retain  their  vitality,  etc.,  many  of  them  destined  at 
8omo  future  time  to  fructify  in  premature  death  or  mined  health  to 
thousands." 

Such  broad  statementtt  are  eatiy  to  make,  but  exceeding  dillicult  or, 
indeed,  impossible  to  substantiate.  If  true,  it  would  appear  that  the 
earth,  instead  of  being  the  great  natural  reitolvent  and  disinfectant  of 
all  foruM  of  dead  organic  matter  deposited  below  the  surface,  is  a  mine 
of  septic  matter,  in  spite  of  whioh,  the  world  at  large  continues  to  in- 
creasi;  in  beullh  and  the  average  length  of  life  to  extend  little  by  little 
with  every  decade. 

It  in  alito  fiaid  that  tlie  sjairctt  of  all  known  species  of  pathogeiia 
ore  very  resistant  and  rctaio  their  virulence  indefinitely.  But  eveo 
granting  that  this  is  true,  it  is  not  .tliowu  that  the  »]>ore  hearers  in  the 
body  go  on  after  death  occurs  to  form  spores.  As  a  matter  of  fact,  the 
basis  of  the  bacterial  scare  concerning  the  dangers  of  earth-burial 
on  no  more  8oli<l  fitundalion  than  the  instance,  quoted  in  the  chapter' 
OD  Soils,  of  the  anthrax  spores  supposed  to  have  been  brought  to  the 
surface  by  earthworms  that  bad  acqiiinil  them  fnmi  a  c^w  buried  two 
meters  below,  which  instance  has  no  value  as  evidence  for  reasons  al- 
ready explained. 

Coming  to  a  consideration  of  the  iieluiil  dangers  urising  from  earth- 
burial  and  from  the  proximity  of  cemeteries,  it  must  be  admitted  at  the 
ouljU't  that  merely  stinking  giwe«  are  inea[Hkhle  of  Iransmitting  disease, 
and  are,  moreover,  absorbed  and  deodorized  by  the  soil  itself.  The 
iianio  elas^  of  foid  odors  are  iHirne  without  Injury  by  (hose  engaged  iu 
the  numerous  offensive  trades.  There  is  no  ground  for  supposing  that 
the  emanationa  from  the  graveyard  noil  are  dangerous  to  health,  for 
if  (twy  were,  their  cfreets  should  bo  most  marked  among  the  grave- 
diggers,  a  clans,  who,  like  tiie  workmen  in  .sewers,  are  obstinately 
healthy  in  iipile  of  all  (i  priori  reiMOning  to  the  oontniry, 
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Wbcthvr  th«  «oil  beoomca  nerioiuly  poUut«d,  ia  a  questioD  wbidi 
b«ars  oa  the  poseible  GontnmiruiUun  of  th«  groiindl-intter.  This  {>o«4i> 
bility  oertaiiily  4>xi!>tit,  hui  it  14  sa  oothing  in  comparison  with  the  po)- 
lutioQ  of  the  soil  hik]  il«  cuntaiDCii  water  In-  li-iuOiiiij^  ccwpooU,  iato 
which  man  casts  yearly  several  times  his  weight  of  liquid  and  solid 
excTota  from  his  own  boily,  aiid  there  is  recorded  no  itingl«  well- 
authenticated  caae  of  outbreak  of  disease  du«  to  water  ooctaminatcd  by 
the  dniinut^-  of  «  graveyard. 

On  general  principles,  the  dratDaf^  of  a  cemetery  should  not  be 
allowed  to  run  into  iitreama  i»ed  as  water  supplier,  and  welU  should 
not  be  located  id  doec  proximity  to  the  bouodariM  of  land  used  for 
inlermenti). 

While  biiriiil  too  near  tlie  siirfnm?  must  he  avoide<l  00  aeooant  of  the 
possibility  that  they  may  be  exhumed  bydo^  and  other  anitnaUr  it  is 
to  ho  bonic  in  mind  that  llu^  nt^aner  the  body  \i  to  the  surface,  the 
more  rapid  will  decomposition  occur.  Id  order  to  shorten  as  much  as 
pos&ible  the  time  required  for  complete  resolution,  the  coffin,  wbicJi 
should  not  bf  of  too  perm»n«Dt  material,  should  be  placed  id  immedi- 
ate coutaet  with  the  earth  and  not  in  a  bricked  enclosure  or  vault. 
The  lue  of  wicker  coffins  i«  urf^l,  Bincc  they  olFer  lc»s  obstacle*  to  the 
natural  processes  of  resolution  than  any  other.  Metallic  cofSns  which 
retain  the  produnl:^  of  decomposition  indefinitely  should  be  prohibited. 
The  top  of  the  g;rave  should  be  a  mound  of  earth  capable  of  support- 
injr  a  fairly  luxuriant  growth  of  vegetation,  which  assistt*  in  draining 
the  soil  ami  m:ikc-«  ute  of  the  product*  of  deny. 

Sites  for  OeiDet«rieft.^Tn  the  selection  of  a  site  for  a  cemetery, 
particular  attention  should  be  ^ven  to  the  nature  of  the  soil.  This 
should  be  dry  and  )>ermeable  to  air ;  the  ground-water  level  should 
normally  be  well  l)<>liiw  thi-  buttoin  of  the  dee[Mv4t  ^rave;  the  surface 
shouhl  be  of  rich  loam,  which  acts  as  a  |>owerfu)  deodorant  and  pro- 
vidt^  for  an  abundant  ^n>wth  of  vegetation.  Clay  soils  are  objection- 
able on  account  of  dampness  and  impermeability,  which  prevent  ra^nd 
dpeom[)osiiion  of  the  bodias.  Itoeky  soils  are  objectionable  on  account 
of  their  drainage  and  the  obstacles  to  the  dif^ing  of  graves. 

Much  haj*  been  written  concerning  the  danger  of  pollution  of  water 
supplies  by  the  dntinagc  of  cemeteries,  ami  this  danger  should  be  kept 
in  mind,  but  it  is  unlikely  thai,  with  proper  locations  well  away  from 
habitations,  serious  pollulinti  will  occur.  Where  land  \*  abumlant  and 
cheap,  the  ininictliale  neigh Ixirhood  of  cemeteries  for  purposes  of  re»i- 
dcnoc  is  pcnerallyavoided,  but  it  is  alwaj-a  well  to  pay  attention  to  the 
proper  drainage  of  lands  dcvolfd  to  burial  piirpv)ses  and  to  consider  llie 
|H>ssibiIity  of  the  fouling  of  any  welU  already  existing  or  likely  to  be 
sunk  in  the  surrounding  soil. 

Cremation. — Dii^|>osnl  of  the  dead  by  burning  was  practiced  in  veiy 
early  times  as  a  mark  of  respect  by  some,  or  of  dishonor  by  otlicrs,  or 
from  motives  of  expediency-  after  great  slaughter  in  warfare  ;  but  the 
practice  of  incineration,  based  on  economic  and  sanitary  coDside rations, 
is  of  quite  reeeni  origin  among  Christian  peoples.     The  argumeats 
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urged  in  its  favor  from  an  economic  standpoint  ai*  indisputable,  for 
not  only  can  tlie  daul  he  iliiis  ilU[Kii»(.'i)  of  miicli  more  plityiply,  but  the 
Dcwssity  of  devoting  Urge  tracts  of  valuable  land  for  purposes  of 
burial  is  done  away  witb. 

From  a  sanitary  standpoinl,  the  arguments  are  not  so  Etrong  and,  in 
fact,  are  ea.*y  of  refutation.  It  is  urg«l  that  earth-burial  i*  a  menace 
to  public  health,  niul  a  numlicr  of  supposedly  convincing  instances  are 
cilcil  as  proof  of  this  statement  j  but  tlieae  cannot  withf-tand  the  teat 
of  cunrful  exaniinntion  and  weighing  of  evidence,  and  it  must  be  ad- 
mitted, even  by  the  strongest  advocates,  that  there  is  no  definite  statis- 
tical cvidenee  that  the  general  death  rate  or  any  sjKtciftl  death  rat«  has 
ever  been  influenced  by  earth-burial. 

It  in  also  urged  that  earth-burial  in  repulsive  in  idea  and  horrible  in 
pmcttcc,  and  while,  in  the  minds  of  many,  this  statement  is  very  true, 
It  ia  to  be  aaid,  on  the  other  hand,  that  in  the  mind."  of  far  mor«,  the 
argiiiiwnt  applies  with  grcut^T  force  to  the  practice  of  incineration. 
From  the  lime  of  the  early  Christians,  who  practiced  interment  by 
stealth,  earth-burial  hiu  ever  \>v<:a  tlx-  one  metlxKl  of  disposal,  and  the 
sentiment  in  its  favor,  fostered  Uirough  nineteen  centuries  of  practice,  is 
a  powerful  ob»ta<^lo  to  the  general  adoption  of  cremation  and  can  oidy 
slowly  be  overcome.  A  strong  feeling  that  cremation  is  opposed  to 
CbriHtinn  doctrine  ooneerning  tbo  resurrection  of  the  l>ody  can  only  be 
overturned  by  the  iiilluemH?  of  tlic  clergy,  many  of  whom,  including 
Protestants  and  Koman  C'atholicsof  eminence,  have  already  done  much 
io  advocacy  of  tbc  pravtioe  ant  a  rational,  economic,  and  sanitary  means 
of  disposal. 

Aitide  from  religious  feeling,  the  otrongest  argument  urged  against 
cremation  is  the  destruction  thereby  of  evidence  of  poisoning  in  cases 
in  which,  after  disposal  of  the  body,  suspicion  of  foul  play  may  arise  ; 
but  when  one  considers  the  very  groat  infrequency  of  exhumations  on 
this  groinid  and  the  still  greater  infrequency  of  positive  results  there- 
from, thiis  objection  can  Imnlly  be  reganled  as  entitled  to  much  weight. 
.  in  the  case  of  the  metallic  poisons,  the  evidence  would  still  be  present 
in  must  coM's  in  the  a.thcs  ;  in  the  oa.se  of  the  organic  compounds,  it 
must  be  borne  in  mind  that,  under  most  favorable  conditions,  beginning 
the  analysis  before  the  onset  of  putrefaction,  their  detection  in  the  small 
amounts  commonly  employetl  is  by  no  moans  easy,  and  afterwards  is 
extremely  diflicult  and  more  often  imjwssible. 

Furthermore,  it  must  be  borne  in  mind  that,  unless  suspicion  arises 
before  or  immediately  after  death,  chemical  analysis  is  commonly  viti- 
ated by  the  niiivcrwil  pnictioe  of  embalming  the  l>ody  with  strong  solu- 
tions containing  the  very  sul)»tunces  sought.  In  every  case  of  doubt 
as  to  tlie  cauiu-  of  death,  the  body  should  be  subjected  at  once  to  proper 
examination.  In  some  States,  legal  provision  bus  been  made,  forbidding 
embalming  in  ease  of  death  by  violence,  until  the  body  has  been 
"  viewed  "  by  the  projier  authority,  and  providing  for  proper  certifioo- 
tion  before  incineration. 

History  of  Modern  Cremation. — .A<'cording  to  Japanese  authorities, 


cremattoD,  ax  st  prvM-nt  prncticed  among  civiliised  natione,  had  iu  origin 
in  their  oouMij*  many  years  iigo.  Until  1871,  bitwpwr,  no  npecisl 
creatatoriee  wvre  iaslallM],  the  body  in  its  cofBn  being  placed  on  stonee 
garrotinded  by  wood  or  other  inllnnimatilv  material.  In  lliat  ymr, 
creiimtoriFa  wen- «r«clL'd  ;  and  sinoe  (h«n,  the  practice  of  incineration  has 
increased  to  such  an  «xti>nt  that,  in  18!*!,  in  Tokio,  of  34,000  pcrwns 
who  dkti,  1-5,000,  or  44  per  oetil,,  were  cremated.  In  1898,  the  pei^ 
(^entagt)  wan  about  tlt<<  xiini'. 

In  tlii»  oountPk',  the  first  moventent  in  favor  of  cremation  occurred 
in  New  York,  in  IHiS,  but  tl>e  tinti  cremato^^■  was  not  erected  until 
1876.  This  was  built  at  Waeliingtoii,  Pa.,  byl>r.  J.  T.  I^'Moync,  ft>r 
the  diefMUkal  of  hi8  own  body,  and  wa.4  the  only  one  in  the  country  until 
1884,  when  another  was  eslablislietl  at  I«nnwKrr,  Pa.  During  tlii« 
interval  of  8  years,  the  use  of  his  creinatorj-  was  allowc<l  by  I>r.  Le- 

.Moyne  for  others,  and  *2ij  in 
Fw.  I«. 


cinerationg  were  performed. 
Retwrt^n  1884  and  1900,  the 
inmil)cr  of  crematories  in- 
ervased  to  26,  which  growth 
indicnUv  a  steady  inrmse  in 
public  sentiment  in  favor  of 
thv  procfcw.  The  iiuinlter  of 
cremaiion;  performed  in  the 
Inited  Static  from  1884  to 
18»9  is  shown  by  tlie  follow- 
ing diagram  from  the  mono- 
graph by  Dr.  Samuel  \V. 
Abbott,'  contributed  by  the 
Commonwi-allh  i,>f  Miuutacliu- 
setts  to  the  United  States 
Social  Economy  Exhibit  at 
the  Paris  Kxpusition.  Dur- 
ing thi.-4  period,  8,885  crema- 
tions oocnmHi. 

The  first  table  on  page  719, 
from  the  same  nwnogmph, 
shows  the  progress  of  the 
movement  in  the  entire 
country. 

Next  to  the  United  State«  in  the  numlier  of  crematories  stands  Italv. 
when;,  in  18i)8,  22  were  in  operation.  The  movement  l»eg«n  in  Italy 
in  1857,  but  nothing  was  accomplishe<l  until  1897,  three  years  after 
legal  i>anelion  wa.t  obtained,  (rrrniany  luul,  in  1898,  four  e^tahli^- 
ments,  the  Bret  of  which  was  insiailed  at  Dresden  in  1874  ;  Franoe 
had  two,  and  Great  Britain  four,  the  first  of  which  wait  etttabltshed  io 
Ixindon  in  188.1.  The  Eecond  table  shows  the  growth  of  the  movement 
in  Cln-nl  Britain  to  1899. 
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(Umnn  ■worker*'  clisMuc,  669 

ChruniBt€!i,  deUctioD  ot,  in  milk,  109 

^H 

OaU'iiim  uxiile,  ili'intmion  bj,  £04 

CLlcr,  !81 

^H 

Duuvron'i  Kptic  Mnk,  4W> 

vinetptr,  1S7 

^^^^^ 

1              ()UDp  srwcnigc,  i)14 

ClnnajiiDD,  190 

^^^^1 

'              Campti,  «0A 

CbM,  176 

^^^^1 

of  ilplratioD,  ATS 

Cbr  toils  2ftO 

^^^^1 

uHUcction  of,  616 
Mailarj  polica  of,  (116 

aotibins,  TOO 

■dultcration  of,  7D6 

■ 

CtediM,  IM 

dl«nfootion  oC  iUt4 

OuttdHW,  31,  14U 
aumcffeed^l94 

inttiicnof  of  color  of,  1UI6 

^^^^1 

arlcrlion  of,  707 

^^^H 

Cknncl,  d«l«ctioa  uf,  in  niUk,  106 

in  ibo  inipios  645 

^^^^1 

Oubolintntra,  St 

<1ur«B,  190 

^^^^1 

CkrfaolK  acid,  a09 

C««l|n»,  427 

^^^^1 

CkrixHi  dioxide^  aUorpiion  ot,  by  pUnU) 

CoL-oH,  lis 

^^^^1 

310 

BidoltMalion  of,  160 

^^^^1 

in  air,  Vfi 

CotomiDta,  139 

^^^^1 

deiataiiMition  of,  iu  air,  2S7 

1     i^^^^^^ 

Colfte,  IW 

1 

^^^Bm^H^^^^^V                                                              728  ^^H 

CoHm,  adnli«niiiun  of.  If-' 

DuHt,  relation  of,  lo  di«eflt°«  S3&               ^^^H 

Coloitnim,  77 

to  rain  and  fog,  215                           ^^H 

Coniliuuwd  milk,  83 

Dyei^  polfonoiw,  70(i                                   ^^^H 

Condiiiieou,  IIIU) 

ilvatnttu'}',  relntiun  u(  water  to.  S(i7             ^^^^| 

Conduction,  415 

I^^^H 

Confoctionerr,  ISZ 

L>ARTII  I>nrinl,  714                                      ^^H 

Con  reel  iuii,  '4Ift 

Copper  ill  fcMxl*.  202 

Em  plant,  144                                            ^^^1 

inilphBtr.  diHintcrtion  by,  R(K> 

^ts*,  n      ,                               ^^H 

OordoD,  nnitanr.  Mi 

(.'OIUHBltlOII  of,  71                                               ^^^^H 

Electric   ightinx,  431                                            ^H 

Bx«ivii(«.  im                                      ^M 

Cam,  132 

tnmA,  13S 

Oarned  Ixw',  iioinuniiiK  bv,  64 

Oarroiivc  nublimnto,  dininrcction  by,  iW7 

amount  of,  mjuiivd,  119ft                               ^H 

kindi  of,  609                                                     ■ 

rVitton,  !>6!,.  704 

EiyitipalM^  tranviiininn  of.  ihionich  the           ^M 

iltui,  Inftiwara  of,  on  bMltb,  I>6G 

«ir,  229                                                          ^M 

Coltan4««d  oil,  140 

Encftlrptol,  .'^14                                                 ^1 

Cnwlii.  40a 

^H 

Ct«aai.  84 

i;j^(JES,  disinfeottoli  of,  &3S                               H 
I      Fill,  dptcrnuniLiion  of,  in  inUk.  99              ^| 

dettclion  of  (Tt^lnliti  in.  IU> 

OcmRlimi,  71A 

F*l«,  2i>                                                             ^1 

CkoHii, '^13 

Feet,  (I'TC  of,  7J9i                                                   ^M 

Cnwilx.  511 

Kelt.  700                                                                 ^H 

CuctimlHiin,  M-I 

Fri'iiif nt«d  bevonme*.  lt>A                         ^^^H 

C^wlcurcuK  liDviis  :Vii 

Fr-«r'  M  InctOBi^^pi),  99                                         ^^^^^| 

cclluloHi'.  W 

F>ic*.  M7                                                         ^^H 
FlUrin  MinKiiiniii  hominii,  STS                    ^^^^H 

IXAKDELIONS.  144 

1/      D(!Hd.  di>1KI«ul  of,  714 

Dckth  Riles,  6S1 

File  makiiut,  <J63                                       '    ^^^^| 

Filter  bed>,  336                                         ^^H 

gall«riav  S2&                                          ^^^H 

corrwiion  of,  88" 

Fillers,  Chambarlond-Pulvai',  3&4            ^^^H 

beoitoniiila,  4tt» 

damMtio,  339                                     ^^^H 

Dwtrinc,  21 

n«ehor  plitque,  54S                            ^^^^H 

D«itrcKW,  21,  150 

meehnnlral,  341                                      ^^^^| 

DiorrlKml      disniBn.      IrsusuiiiitiOD    of. 

Filtntion  of  air,  421                                  ^^^H 

through  the  air,  230 

ofucwnge,  478                                           ^H 

Dlbdin'«  baclmn  b<sl,  480 

of  wnt«r.  333,  33fl                                           H 

Diet,  rcKuiutiuii  uf,  6(H 

prop«r  mte  of,  339                                  ^H 

Diet*,  lunduri),  IS 

value  of.  in  dlminithiDg  diieu*.        ^H 

Dlphili«rla.  [ir<>Ti'nIiv4<  inoonlalinn.  713 

368                                                 ^^H 

Rblion  uf  suil  ti).  2S<J 

Fi^,  32                                                    ^^H 

•proid  of.  bv  milk,  W 

clnHiGcation  of,  34,  3U                       ^^^M 

tnn*nii»>ian  of,  tbroneh  ibaslr,  8!8, 
229 

com^iwilinn  of,  33,  36                           ^^^^^| 
dlgMiibillty  of,  S3                              ^^^H 
keeping  qunlitiea  of,  33                         ^^^^| 

ch«ni[ral,  497 

paniitJc  dlHaim  from,  39                    ^^^^H 

phriical.  480 

poiwnluK  by,  48                                 ^^^H 

lM»nr«>:tion.  4BS 

pmionotu,  32                                     ^^^^| 

planu,  4<)3 

tmwmiMion  of  diwaM  bv.  43               ^^^H 

portubli!  appnrUiLi,  4113 
practicul,  632 

tuberculosis  Ln,  47                                     ^H 

Fiu'«  air  tenter,  %H                                         ^M 

Dlqiowl  of  dMd,  714 

FIat  duM,  inlluaic*  of,  on  hgnllh,  Cdfi                ^M 

r<rb«8«,484 
MWBge,  4S9 

Flic*,  aKenry  of,  in  uaiuiDiMlon  uf  did*         ^H 

DbdIUd  alcoholic  bovfraini.  181 

Flour,  ■dullcntiOQ  of.  129                                  ^H 
''mixed,"  130                                    ^^H 

DoniMio  fillers,  .133 

DrMninciiItu  medincniii*.  374 

wbMt,  135                                         ^^H 

Onlit,  main,  4,^3 

PluoridM,  detection  of.  In  brer,  1T3         ^^^H 

Dratnue  uva  of  wulK  323 

Fliuhinc  aiiparalDK,  4Sn                               ^^^H 
Fog,  influ«ncp  of.  no  liealtb,  330                ^^^H 

of  MiU,  276 

DiMl,SIA 

P'y>d^  17                                                 ^^H 

«MUui,  intliieace  of,  on  li««ltb,  M6 

amount  of,  nimjuaiy,  1A                      ^^^^^| 

dclerm  inn  lion  of.  in  nir,  347 

•aimal.  23                                         ^^^H 

lUi.  inHosnce  of.  em  hMlth,  66A 

bonx  In,  198                                     ^^H 

irrilMing,  G04 

borlo  a«id  iu,  196                               ^^^H 

poiMOOUa,  061 

ouiiKiJ,  194                                              ^H 

^1 
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Pood),  niTbohTdiaU*  of,  Zl 
eoni))<Hiiiin  of,  IB 
uoiiiafiiinitiion  at,  b*'  nietalt,  909 

htiof,  a> 

jWncnil  runhiil*nalion  of,  IT 

■DnrgBnic  ulli  nf,  2S 

lead  in.  2<M 

ntcht^t  in,  'iOp'> 

illltritivr  tbIui-  o(,  17 

oricui  ir  ar.idii  in.  33 

pnwrviilioii  ol,  ISKt 

pmerrative*  in,  IM 

prnteld*  nf,  10 

ollfHl.  104 

■ronkoci,  194 

till  in,  2i>i 

vrgetabb^  Its 

une  in,  305 
FomitldaKjidci,  51S 

■mount  o(,  ncMwatj  br  raoni  dUn- 
fccCion,  SSI 

.-w  a  food  pfiMrmivtt,  301 

iHnutltionw  r>*oiioK  •cllwt  of,  f/H 

ddcclion  of,  in  milk,  108 
■inns  >)*'> 

lUttdTtnU^^  •>[,   '>II1 

germicidal  propcniis  uf,  944 

bmiM  for  nnpntinK.  -^19 

(n  milk,  81 

pcnctnttino  powi-r  of.  i>1t7 

toiiHly  1)^420 
Form&liii,  '>1'^ 
Fniiu^  145 
Pur,  706 
Fumxwi.  41* 


VT    Oalvuiinni  Iron,  artion  oTvMtron, 

350 
Uarbaire.  diKpiiiuil  of,  484 
triu,  Bci-lrtoiv,  439 

burncni.  438 

coal.  427 

Civne,  420 
ainnling.  TsripliM  of,  427 
pipH,  130 
wiiter,  42T 
(tiitnlpDC.  429 

G*lHtln,  di^Mction  of,  in  cnam,  110 
Oin,  186 
GingcT,  191 
GlaUhrr'ii  table.  2»4 
Gtiio»if,  21,  IM 

»holeiu.ijii*iii»t»  of,  164 
(ilvcoforiuttl.  li'li 
G»itr«,  tcklion  of  traur  to,  SS6 
Gr«p«  sagut,  21 
Drapes  14a 
GrcaiB  traps.  443 
Grlii'ttn'  anihmn,  664 
Onuuid-witvr.  'JM.  2!«).  :tl7 
level.  287,  29fl 
marement  of.  301 
MMirMM  of.  2S9 


nABITATIOSS,  399 
IlHm.  pnUonin^t  bj.  i>T.  SO 
itnDd<.  duinFccliua  of,  'VC 
llardncn*  (water).  31S 

il41*nBinatii>n  of,  3»* 
rvnioval  lit,  34d 
■lot  apopiclf.  US 
llMt,  ■.■utiilni-Kd,  4l-^ 
OBTn-'lIvii  "f,  4l'''i 
ditinf«7igii[  propertin  of,  ■**>> 
radiant,  414 
Htalin^,  4iK 

mctluidi  of,  41  fl 
tfrrrinm.  poiMwiinB  b;',  ■'i2 
Muminr,  1S2 
Hancy,  Ifil 

poiiMininji  by,  IftI 
llofn,  HU>HiiiaiM  for,  XM 
Ilnrnc  tncat.  cMnponltun  of,  3I> 
mnsnniptinti  of.  31 
dvln-liol)  uf,  :t! 
poison  ing  br.  OG 
IIm  ml^r  bmtinjt,  418 
Hamidififr,  4-Jl 
UoniditT,  abnlute.  £14 

rolaiive,  SI  4 
HoBiu),  2>M 
llvdroebloric  add  fiuiim,  InRoenM  of,  i 

tiMllb.  e.yi 
Uydrurai  p«roxid«,dI>infcciani  propeititt 

Dj-l^pbHil,  39S 

1    Ikdiu  OMxI.  133 
InoenblUin,  diphihsria,  713 


plu««.  713 
tjpJioid  r«rcr. 
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Inorsanlc  wlm  in  taoA\  2S 

InosiU',  23 

lodinr.  diiinfoctanl  pmpertio  uf,  AO! 

Iron,  nctiim  nf  nirr  ihi,  AIO 

drlnini  Mil  lion  <>f,  in  «nivr,  389 
parilkniion  of  water  by  nwaiu  of,  i 
r«aioval  <if,  fniRi  water,  343 
mIu  hh  dUintwiaaitL  M& 

|AM£^  1A3 
tf     Jcllin.  153 


K 


EF1R.84 
Kjaldahl  procMi,  104 
Koumli*,84 
Kannnotband.  589 


I  ACTODEXSIMETEB.  » 

l<    Lactoacopct  AS 

Lactwe.  22 

UtTPr  I«r.  \m 

lake  wnters.  Slfl 

I^iiib,  componilion  of,  29 

Ljunpi,  formald»)iyde,  &lfl 

parnfonn,  5S2 
L«nLT2 


ISDBX. 
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Lead,  KCtioii  or  water  on,  S+t 

dttlcmiiiialion  of,  in  irnicr,  387 
InllQancv  of,  uu  hwllli,  0(11 

(irewnc«  uf,  in  foocli^  'iM 
icr.  70ft 
Li^kH,  144 
Lcgunim.  1S5 
l^mon  juice,  IS8 
I^iiliK  l»7 
l«lluw.  144 
Lifff,  ilnralion  of.  (188 

«x)>e<1iitii>ri  of,  iWft 

mean  dunlluii  of,  IWtt 

prolwblc  dumlion  of,  689 

IsblM,  GUO 
Light,  wiiioa  of,  ou  Iiaviur!>,  M9 
lightinR.  424 

uriiliciiil,  424 

ck-rlriv,   431 

nnlilriil,  434 
Liuip.  cliloriiJi^  of,  iv,  di'infnclHnt,  601 

disliifeciuiii  [irupurlia  of.  u04 

jiiici-.  188 
Linen,  .'*.■.,  T(H 
Uqucunv,  IS5 

hymA,  £12 

.MACABOSI.  IM 
in     Mnec,  101 
tUadeira,  170 

[Ualkiia,  nUtion  nf  nioHiiiitooi  (o^  2Si 
tA  Mill  ti.,  3X2 
ut  uulcr  lo,  3^7 
'  Malitpiant  a-dcma,  ivlatiun  of  wU  lu,  ttUV 

Malt  vini>itnT,  187 

MbIioms  ■It 

Mnplp  'UKar.  149 

MHrt-hJiin.  &as 

Marinf  livgientr,  CSU 

Mnrlx.  25'1 
Marriftitc  nil>4.  ltT>l 
Malt'liiiiiilliiDC,  lUiO 
Mcnn  Bficrtifctiiiiv,  0^!i 
M(<n*ly  iiioal,  39 
HLS.'liiii)>tiil  v(-i]|l)atluii,  414 
McbL  chnnK-liTiittatof  good,  'JC 
■.■xlmclv  ffli 

Ill«|'t<.'tl"TI,  <■!! 

pciHotiii>K.  41^ 

IKiwtlcr,  31) 

(rHiitniii-wi'm  ..f  lilwiwe  bj,  4S 

compnnlivi'  di)[<«ibilily  of,  2B 

DuiuiuiFtiii.111  of,  26 

diirMibilit;  of,  24 

t0Kta  vf  rookiOR  on,  SJ> 

flaror  i>f,  H 

tncul/.  39 

pamilM  in,  39 

lfilun>  i)f,  il 
Mrlcn*.  147 
Menihi>l,  514 
M*4vurjc  rlilorid*,   diainfrclant   ]irap«r- 

lira  of,  Wi 
iUavurj,  inlliienoc  of,  on  bcallti,  AGO 


Mum,  eonaoUdai«d  iutaI,  GSI 
MiliUuT  fareitoic,  674 
Milk,  ft 

■1jiii>rniiil  fornw  of,  76 

Bclulii-mtion  of,  92 

>nnlyiii>  of,  94 

baotHriB  !n,  7i> 

chBUftwin,  Uiroiwli  boiling,  78 

compONilion  «f,  73 

detection  of  atiDBtto  iti,  IDA 
of  borni  in,  107 
ufcamiiisl  in,  tOG 
of  cbromalci  in,  liM^ 
of  cooked.  109 
of  funiialduhTdc  in,  108 
of  MiUcyliciiciil  in,  108 
dMcriDinalicdi  of  aak  uC  lOt 
of  tM  of,  99 
of  protcid"  of,  104 
of  upwific  Kniritj-  o^  9<* 
ofsui^rot.  103 
of  tobil  K>lid«  of,  102 
diacMod,  86 

«II(n[iiHlion  of  alcohol  ihraiich,  77 
fat  of,  74 
Infectrd,  SO 
niin«rnl  matter  of,  76 
piKteuriaed,  80 
poinonoiM,  8A 
praarrvaiton  uf,  TV 
pivscn'Btlvn  in,  81 
prok-idx  of,  7'' 
rtacii'jii  of.  7ti 
apeoific  gniTiiT  of,  76 
■prmd  ofrholera  by,  90 

of  hifaoluin  br,  9H 
of  diphtheria  by,  90 
of  diMOM*  by,  84 
of  acarlet  iWer  by,  91 
cf  tubercnloni*  by,  87 
of  typhoid  fev*r  by.  92 
«I«riliivd,  80 
sugnr  of,  2^  7S 

delarmination  uf,  lOS 
Mineral  K'ida,  duiiurtH.'[aat  proportira  of, 

WW 
Mixed  dour,  130 
Molafwi,  160 

vinegar,  187 
Hoarllc  wins*,  176 

Mcanaltoai,  agL-ui-r  of.  in  spread  of  ma- 
laria, 282 
of  yatlow  fever,  288,  014 
Mouldn,  nanibfr  of,  iu  air,  314 
MiiM)l«  (UKar,  22 
Huahroonw,  146 
MuMtlt,  poimning  by,  61 
Mactanl,  169 
Million,  onmpoaition  of,  29 

NAI'HTHA,   fiunn  of.    In   relation   to 
hoilih.  B.^8 
)HiitiiTiiiiU  1)1'.  i3iMt 
Naliinil  vi-ntilaluin,  409 
Naval  hyKicno,  620 
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INDEX. 


Nickel  in  foods,  206 

Nitmtes,  determination  of,  381 

presence  of,  in  hoiIb,  252 
water,  310 
Nitric  acid,  preseciee  of,  in  Boils,  852 
Nitrification,  338 
Nitrites,  determination  of,  381 

presence  of,  in  water,  310 
Nitrogen,  absorption  of,  b;  plants,  20S 

amount  of,  in  air,  203 

preaence  of,  in  soils,  25! 
Norton  tube  well,  320 
Nutmeg,  191 
Nuta,  138 

OATMEAL,  132 
Oats,  131 
Occupations,  classification  of,  It-^t 

A^giene  of,  648 
Ofi'ensive  trades,  668 
Oils,  essential,  as  disinfeiiaiits.  ->I4 
Oleomargarine,  112 
Olive  oil,  139 
Onions,  144 
Open  fires,  411! 
Oranges,  146 
Ort^anic  acids,  22 

matter  in  soils,  253 
in  water,  307 
Overcrowding,  222 

extreme  cases  of,  223 

relation  of,  to  phthifiia,  223 
Oyster  plant,  143 
Ovsters,  poisoning  bj,  54 

transmisdon  of  disease  by,  47 
Oxygen,  atmospheric,  206 

disinfectant  properties  of,  491' 

presence  of,  in  the  tiemiei,  207 
.  retjuired,  determination  of,  3fi.i 
Oxyuris  Termicnlarifl,  374 
Clone,  211 

determination  of,  246 

disinfectant  properties  of,  499 

origin  of,  211 

purification  of  water  by  means  of,  332 

PAIL  Bjrstem  of  sewage  disposal,  470 
Paraform,  SI  9 
Parasiles  in  water,  374 
Parsnips,  143 
Pasteurization,  60 
Peaches,  145 
Peanuts,  13!) 
Pears,  145 
Peas,  136 
Peat,  351 
Pectin,  22 
Pectoee,  22 
Pepper,  190 
Perflation,  40H 
['ennangBnale,    piiriHi'atifm  of   wuter  bv 

oieansof.  330     _ 
Permeability  of  soils  In  iiir,  254 

U)  water,  267 
Peroxide  of  hvdroger,  212 
Perry,  181 


Person,  cai 

Personal  h 

Pbenol,  50 

Phospboru 

Phthisis,  r 

of 

transit 

Physical  ei 

Pimento,  1 

Plague,    Pi 

713 

relalio 

o( 

transn 

220 

Plumbing, 

loetbo 

Plums,  14S 

Pneumonii 

nir,  229 

Poisoning 

by  cbc 

by  cor 

by  hat 

by  her 

by  hot 

by  hor 

by  mu 

by  nap 

by  oya 

bi-  por 

by  pto 

by  sail 

by  SBui 

by  vea 

I'oisonona  : 

Population 

Pore  volun 

Pork,  com] 
meast] 
poison 
tricbii 
Port,  176 
Porter,  16< 
Potatoes,  1 
Potters,  lei 
Poultry,  ci 
PreservBii' 
Prevent!  v( 
Proof  spiri 
Proteid*,  1 
I'svobromi 
PtomaineH 
Fnmjikin, 
Piirificatin 


Quara: 
intersi 
munic 
Ktale, 

law,  5 

regula 

Quicklime 
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Sedrwick'n  n^trobioiKopc,  248                           ^M 
S«ir  t>urili(«il(iii  c4  '0  Ik,  3IS2                          ^1 

[tB0i,  diiuilcclioii  of,  SQl 

uf  »it«r.  3^                                       ^H 

Rain,  215 

Septic  tnnk,  Uuncron's,  480                        ^H 

rvlntioii  gf,  tu  AiM,  tib 

8«wii|c<>,  460                                                ^^^^1 

■tonsi,  3H 

dieuiiuil  trMttniMit  of,  471             ^^^^H 

Ratn,  binli,  QTS 

lilinition  of,  478                             ^^^H 

tltutli,  (181 

iiiellindH  of  dtapoMiI  of,  409             ^^^^H 

iiruioiic,  664 

viiliii.-  ut.  4(>7                                              ^H 

murringc,  071^ 

Sewage  fnrming.  47'!                                     ^H 
irrlgnliiin,  474                                            ^H 

RatioN,  u>l»iiuior  of  IT.  a,  000 
Eiluuhol  in,  S9H 

inlJutuov  uf,  on  htmltli,  476              ^U 

Aiwtriui,  HOI 
BriiUli,  60U 

Bowar  air.  219                                               ■ 

liamriii  in,  219                                   ^| 

Frundi,  600 

relation  of,  to  t*plio!<l  fever,  'ISO 

Gcrmui,  601 

"gM,"  219 

ltnl!*n,  001 

Seorrng*  of  cniD)is  614 

navnl,  030 

Sliifp  Tut,  42 

Itllmian,  601 

Bhem-,  176 

I^IHIIliHll,  t)OI 

8liipis  <Ii»iiif«'itii)B  of,  ftWI,  .567,  '•07 

•uiuibilitj  of  L'.  S..  to  the  ir(i|]i«,6Q8 

^iivnil  liT^ene  of.  630 

I'liiu^l  fitattt  arniy,  n9S 

vrntilotinn  of,  636                            ^^^^H 

K«lK  rvlutiuri  of,  to  (iUk^-,  380 

fficknt;«*s  rficlxintloii  of,  688                  ^^^H 

Eloi^niitian.  694 

Silk,                                           ^^^1 

KiHTiiiM,  STfi 

162                                                 ^^^M 

"IP--  i)t,  0T7 

htrinii^  iSlli                               ^^^^^1 

cxHntiiiattDit  of,  t'lHI 

(UnviKlili-'rin):.  69                                       ^^^^| 

gTi>iiiid«  for  rojciclion  of.  •'WS 
beighl  of.  MM) 

iiiclhoil  of,  70                      ^^^^1 

8ua|K,                                                         ^^^H 

uv&l.  62S 

lut'diialrd.  QIT                                  ^^^^H 

»ight  r)f,  ASI 

Soil  nir.  263                                                 ^^H 

RvgiMTiiliou  rFlunu,  GT7 

determination  of  i'U,  (n,  3911           ^U 

^1       Be>|iirntorv,  656 

dampiiMB,  relniion  of.  to  dittoiv,  276     ^H 

^B      Rwt.  KH 

roductino  of,  276                                ^M 

^^M      RhabdoiifUio  iul«tinBl«.  37J) 

luoialDiv.  inlliieiu»  of  vw«utioii  ou,     ^| 

^H     Kbino  winoi  176 

209                                                     fl 

^V     IUm,  134 

pipn,  433                                             H 

Rlrer  watdr,  316 

water  wiircw  of,  SW                             ^H 

Rivcrt,  jplf-purification  of,  528 

SoikaM)                                                    ^M 

Roorot,  di'infoction  of,  536 

Bciicin  of  rDrthKoriD*  on,  162                 ^H 

Bublwr.  705 

bocuii'in  of.  274                                           ^M 

Rum,  1S5 

baclvriul'icicnl  exKuiination  of.  296        ^H 

Railn.  12S 

cnpndt.r  of.  for  vnicr,  258                       ^H 

Bye,  130 

cliiiui ligation  nf,  2-''0                                 ^H 

ron"tiiiioiiio  uf,  2S1                                    ^H 

(JAGO.  187 

detcrniinHiion  of  cBpillatiiT  of,  294        ^H 

L.'    Sailorn,  diseuwi  of,  l^!U 

of  pcrmrnliililv  of,  to  air,  391         ^H 

*W|i!n|[  i|iiHrl«r«  of,  G33 
fWicyliiT  Bcid.  ilcicriinii  of.  in  bwr.  ITS 

in  ivHtvr.  202                              ^^M 

water  rjipu'itf  of,  293               ^^^^H 

in  itiilk,   IDS 

IwrmciiMliivof,  loalr,  iM              ^^^^M 

ill  winiH.  180 

(»                                                  ^^^^1 

uwuf,  ana  fo'xl  pfwi-rv^iive.  S0<> 

pliyiital  i-xaniinaliun  of.  $)<S          ^^^^H 

in  milk,  SI 

jinipcnir*  of,  i'>S                      ^^^^H 

UnoD,  poUtniloK  bv,  A» 

poUiilion  of.  272                               ^^^1 

aalt,l»9 

relation  of,  lo  difcwci,  37ft             ^^^^H 

aimp.  132 

8>nii  liltrslion,  :\M 

■rlf-pllriliriiliiin  iif,  262                     ^^^H 

le-mptraiuiv  •.if,  200                              ^H 

Saprol,  M-2 

water-ret  Bin  ia^  cupnriiv  of,  2^^             ^H 

SaiUAgn,  30 

Soiobcnnii.  137                                                  ^1 
Boldior,  clothliiit  of  tlir,  »Ci                            ■ 

CimiHwiciDn  of,  31 

(loisonlnK  bv,  06 

diaeuea  of  iliv.  622                                   ^1 

Saut«nic,  176 

rallom*  of  llir.  r.!t6                                     ^M 

titariol  f«rrr,  oprvad  of,  ihrnu|th  milk.  91 

ikhtxji  faniliiit*,  401 

work  of  llie.  'iMi                                        ^1 

tkhoob,  399 

<  liolutol,  513                                                       ■ 

SMbatliiiiK,  693 

1  SuUeol,  M3                                                     ^H 

^^1 
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Spa^wili,  ISO 
Svicm,l» 

Spwil.  proof,  185 
viocor,  1 87 
Splriu,  181 

Sprinpi  "■ 

Sputuai,  aUnofeciloa  ot,  fOi 

Squanh,  IM 

8ukI<««,  II 

auan,  diainfMlion  by,  401 

beating,  4IS 
Slam,  100 
Slovm,  416 

TMlUalintti  'tl* 
Slriug  l>««iu>,  I3i 
Snerac.  21 
SHRDr.  14i> 

iUH]>lc.  14D 

Salphiu*,  <UlnTtion  at,  in  wiiwa,  ISO 

uw  of.  In  food's  300 
Salphac  liinxiili',  dtunrccUiit    imifiertfai 
i>r,  MS 
iiilluenoe  of,  on  hcallli.  KAT 
SunlixUl,  diiinfMnant  iHopttlia  of.  tSO 
SiiiMroko,  (i2.'i.  r>l2 
gurfaa;  mvr*,  i^if,  31li 
Snat,  tozieiir  of.  33^ 

TANKS,  hotMe  Mrvkr.  4B3 
I      T*)K  wurraM,  SO 
Tapioca.  138 
Tw,  153 

Teniiiuiiii,  Inbl*  of,  S-U 
Tonls.  010 

TvUnon.  rclutioii  of  vti\  lo.  3J*r> 
TliciiK'.  I'i4 
Thymol,  oH 
Tin,  action  of  tinwt  un.  3.J1 

ilelcctiuii  of.  in  wRirr,  3X0 

proH'im  of,  ill  fiHidi,  3tV> 
ToMi.  128 
Tokay  «iin'^  ITB 
TnnuilCH'a,  144 
Trwitws  I'tliriMirc.  MR 
Tni|».  -ISd,  «9 
TrifliiiiaK)>iralM.  W 
TrichiiiuKih.  to 
l'riclio(r[>lii(iu<  >tU|i>r,  :tT  I 
Titf  icul  diKwn.  liUi 

Tfopi™.  ™rt  "f  lli<-  iwrwio  in  iJif.  ft|ll 

diet  in  ilic.  tl-l:t 

liakitiof  lili-  ill  ihv,  Ml 

nbiikncc  in  (hr,  tVll 

UK  of  alcntiol  in  tb«,  MS 
Tndlot,  M« 
Tttb*  well*.  320 
T^bMcaloNM  it)  wtnin,  eSS 

ill  caul*,  M 

in  bh,  4; 

OTfMtowdinit  M  m  caiur  of,  SSI 

relation  of  nil  to,  XT7 


TnbercaloiJa,  uwwniMaB  of,  by  air,  !1K 
by  butter,  114' 
by  qival,  41 
by  nilk,  fit 
Turnipii.  143 

Typhoid  ftver,  cpUlcmln  of,  doc  to  vaia. 
3v4 
in  annitti,  623 
nreveiitlT«   inoculatkia  acaiiwi. 

713 
Mlaiioa  of  MW«r  air  lu,  330 
soil  (■>,  277 
water  la,  SS,7 
Ifamnlwinn  of,  by  doM,  238 
by  nUk.  92 
bj^oyHMS,  47 
iBfMtioa  «t  «ni«r,  SM 
t*U«,  olawifintioQ  of  dtiei  accoidiiiff 
to,  362 
intUMo*     of     InirodiKlion     of 
«aWc  Duiifilic*  on.  360 
lyinloAiooiH  7S 
inchMH,  123 


;K1KALS,  468 

L'rinc.  dialnfectlOB  of.  &U 


u 


VAOCIXATIOK.  709 
V«a],  compaction  of,  SO 
potooDbR  by,  M 
Vep^taUe  fab,  ISS 

fc^xU,  133 
VeKvUitHin,  uttvvU  of,  oa  aoil*,  SB9 
Ventilaticm,  402 

amount  of  air  nwiMMiy  for,  40$ 
il«4Mnainaliae  ot,  431 
mecfaaaieal,  414 
nalnfal.  409 

forcn  in,  406 
or*bip^63& 
I         Mam  rKjulrtd  for,  4M 
'  VcmtlblinK  oxrlt,  406 
•tovo*,  417 
Vemiiotiti,  IS» 
Viuicar,  1$7 
Vhol  natixics.  673 

WrALNTTS.  130 
Waring  iriMn  of  irnjpuion,  477 
Wa*h  Imuih.  tin 

WkiIv  l>j|4«,  4^ 

\V«icr.  207 

nctUin  of,  on  nlvauiiad  Iron,  330 

041  Iron,  JMS 

on  iMd,  3H 

onlin,ttl 
aaratiom  of,  907 
antmonia  in,  308 
aaalysM  of,  377 
bacteria  in,  3fi1 

bactrriotoRiral  examination  of,  39SJ 
carbonic  acid  in,  307 
ckonkal  poribctiion  of,  3So 
ctaBifiealMii  of.  297,  326 
cloMKa,  449 

dUnlMltaa  «(  AW 
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Water,  color  of,  302 

fittTBtioQ  of,  ^3,  336 

p«,427 

gasea  in,  306 

ground,  264,  2«D,  317 

hardness  of,  31» 

lake,  316 

mineral  matter  in,  ,112 

niliaies  in,  310 

nitrites  in,  310 

odor  of,  303 

orji^nic  matter  in,  •iO'i 

paraHiIes  in,  374 

ph^Hical  characteriHticH  of,  301 

purification  of,  328 
by  boiling,  333 
by  means  of  alum,  330 
broDiine,  331 
cblorine,  331 
dixtillntion,  333 
meUillic  iron,  332 
permanfpinatc,  330 
oxone,  332 

reaction  of,  .302 

relation  of,  to  chalcra,  367,  360 
to  dysentery,  3ft7 
to  goitre,  .355 
to  niniaria,  357 
to  typhoid  fever,  3o7 

remciviil  of  iintdness  of,  342 
nf  iron  from,  343 

KupplieH,  314 

Burfnce,  298,  316 

table,  299 

taste  of,  SOTj 

treatment  of,  by  nluni,  330 

typtioid  epidemics  due  to,  364 
infection  of,  359 


Water,  well,  318 
Wells,  318 

artesian,  321 

bored,  320 

drainage  area  of,  323 

driven,  320 

dug,  31S 

location  of,  323 

pollution  of,  323 

tube,  319 
Welsbach  burner,  427 
Wheat,  124 

flour,  125 
Whiskey,  183 
Wines,  174 

adulteration  of,  177 

analysis  of,  178 

classification  of,  175 

composition  of,  176 

detection  of  coal  tar  colon  in,  179 
of  formnldehyde  in,  180 
of  salicvUc  acid  in,  ISO 
of  sulphites  in,  ISO 
Wire  vinegar,  187 
Wolpert'B  air  tester,  243 
Wool,  585,  702 
Wonlsorter's  disease,  667 

A'ELLOW  fever,   agencr  of  mosquitoes 
I  in  Hpreail  of,  ^8,  624 

relation  of  soil  to  spread  of,  287 

ZINC,  action  of  water  on,  350 
detection  of,  in  water,  389 
presence  of,  in  foods,  205 
disinfectant  properties  of  salts  of,  SOS 
Zymotic  death  rates,  684 


